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PREFACE 

F rom the very curliest times the supply of timber 
has been, in all civilized comimmities, a matter of 
the first importance. As a fuel, as a material for building 
construction, for shipbuilding, and as a means for internal 
embellishment, wood has been always in request. Re- 
cently, indeed, timber has been displaced to a considerable 
extent in building construction by iron, steel, and con- 
crete, and in the structure of ships bv steel ; but on the 
other hand the amount required for interior work has 
largely increased, new uses for it tiave also arisen, and 
as a consequence the consumption of timber all over the 
world is now greater than ever. 

For some years past, owing to the growing scarcity of 
timber and the increased demand, prices have appreciably 
increased, and consumers are now more frequently employ- 
ing some form of preservative treatment as a me;tns of 
prolonging its life .so as to discount to some extent the 
increased cost. It is stated by experts connected with 
the (iovernment of the United States that if all ties, 
poles, posts, piling, mine-props, shingles and structural 
lumber adapted to be so dealt with were given a proper 
preservative treatment, in that country alone there 
would be an annual saving of about 6,000,000,000 board 
feet, resulting in a financial saving of about 72,000,000 
dollars, or roughly £14,400,000. 

Destructive elements in the shape of the lower forms of 
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vegetable and animal life- bacteria and fungi or spores— 
are ever presiait and prepared to attack organic matter, 
and assisted bv heat, air and moistnre they penetrate 
the cells and destroy the tissue of the wood. 

To render timber immune' to the attacks of these 
agents, it is necessary to destroy them, and to impregnate 
the wood with some' suitable antise])tic or })oison. Much 
timber is also lost bv lire, and an eHicient lire-prooling 
or fire-relardant treatmc'nt is also desirable. 

Wood preservation accoiu|)lishes threv important 
economic purjxse s. viz. : h'irstly, the life ejf durable s])ecies 
of wood in use' is pndongeel. Se'coudlv, the' life of inferior 
and e'lu'aper kinels of wood is gi'eatly prolonged. 'Fliirellv, 
it enables inferior wooels to be uti li/e el whicli, if not sub- 
jected to ])re'Se‘rvative‘ tre'atmcnt, woulel he juactically 
valueless. 

The art of woexl |)V( servation is an ancient one, having 
been practised from a ve-ry remote j)eriod, but itsusehere 
on an extensive scale comm<-nced when the dennind was 
credited by the railway systems, jaimarily for tlu^ pre- 
servation of timber for a variety of uses, and afterwards 
more j)articularly for railway ties or sleejx'is and crossing 
timbers. 

The subject is dealt within the ensuing pages in twelve 
chapters, the matters treated on being far too numerous 
to be given in detail here, but the following particulars 
affcjrd some idea of tlu' ground ('overed : ('hapter f 
is introduct(jry and, besides remarks on th(' liability of 
vegetable sul)stances to decay, on the most suitable 
time for felling timber, on the dehnition of the term 
wood, and on the desirability of employing some process 
for the j)reservation of \vaK)d, includes a short account of 
the early history of wood preservation. Chapter Jl 
deals with the destruction of wood by decay, comprising 
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wet-rot, dry or sap-rot, and the effect of the latter on health ; 
aijid by the ravages of insects, including molhiscan wood- 
borers such as the teredo navalis or shipworni, tlu' xylotrya, 
the lepisma, the splneroina, thelimnoriaterebrans (jrgribblc, 
the chelura t(H-ebrans or wood-boring shriin}), and such 
pests as tlie formica fuliginosa or bhu'k carpenter ant, 
the fusca or dusky ant, tlie formica Hava or yellow ant, 
the termite or white ant, the red ant, the carpenter bee, 
beetles, etc. ('hapter 1 1 1 is on the seasoning or drying 
of wood, and, after tn'ating of natural or air seasoning, 
includes short d('scii})tions of the various processes of 
artificial seasoning in use. Chapter I\' d('als with the 
preservative treatment of wood, the conditions essential 
to ensun' success, the practical and theoretic'al aspect 
of the absorption of pr('ser\’atives by wood, etc. Chapter 
V treats of the open tank or immersion method of pre- 
servative treatmc'iit and its elTiciency, and gives a de- 
scription of the' apparatus n'ciuireel. Chapter VI deals 
with the i)ressure system of impregnation and with 
the machinery and apj)aratus necessary, discussing its 
advantages and giving the points to be considered in 
carrying out im[)regnation under pressure, and in the 
construction of wood-preserving works, with examples 
of standard plants and details of retorts, charging tram- 
cars, pumps, and the othe'r mechanical ap{)liances used 
in wood preservation, (diapters VI 1 and Vlll give par- 
ticulars of the various jnest'ivatix'e |)rocesses in use at 
the present time, ('hapter IX contains a list comprising 
a large numlx'r of proprietary and other processes and 
solutions. Chapter X deals with the amount of pre- 
servatives absorbed by various kinds of woods, and with 
the life of preserved woods, ('hapter XT is devoted 
to th(i lire-prooling or fire-retardant treatment of wood. 
And Chapter XU gives the cost of treating wood by the 
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various processes. An appendix is also added, which 
contains fonnuht, table's and memoranda likely to be 
useful to those interested in the subject of wood pre- 
servation. 

The book is illustrated by ik) diagrams, plans and 
photeygraphic reproductions serving to elucidate the 
subject matter, and there is also a full index by which 
reference is greatly facilitated. 

In conclusion, the Author desires to say that the base 
of the Work is a paper on “ The Preservation of Wood,” 
Tv ad by him at a nuH'ting of The Royal Society of Arts, 
held on the iSth Fi-bruary. He also takes this 

opportunity of rendiiing his thanks gi'Uerally to the 
makers of wood preserving machinery and others from 
whom he has receiv(‘d much valuable information and 
assistance, which ('ndeavounal to acknowledge 

specitically in the text. 

' A. J. WALLIS-TAYLER. 

Oaklanos, 

Tatsfield, Surrey. 
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Introduction 

Lial)ility of W'get.ihlo Siil.)stain:es to Decay -Afobl suitable lime 
for felliuj>^ 'I'imlHM- Delinitioii of the ha ni Wood- Jk-sirabilit}’’ 
of ('inpIo\’iu,y soiiu* process lor tlie Jhescrvaliou of \\ ood — 
harlv liistorv <»f tlu' ail of Wood l'reser\’.i(ion. 

fdAHibri'v ()]• \’]:(;j:iahi,i: Substaxci-s to Decay. 

V b'(iRTAI)LlC sii])staiiccs. in (oiijunctinii with animal 
snl)slan('es, when (lix'ested id' lifiy are liable to 
(U'cay. All woods are not e(|nall\' afk'cted, somi' kinds 
beinjj nioo' liable, under tin' same eonditions. to detcrio- 
rate ra])idly than others, but all of them when subject to 
certain conditions bi-come d('|h‘ived of their iibrous 
textures, and thus lose tlieir ])roperties. This tendency 
to dei'ay can be somewhat reduced by Tdliipy the timber 
at the proper season, and at the most suitable age. 

Most SrifAnri: 'Fimi- eok Fkll'ixi, 'Iimbek. 

d'he proper time for h'lliug is when a tree has attained 
maturity ; thi' (jiiality of young timber is infeiior as 
regards durability. Maturity is that jieriod in the life 
of a tree at which the sa})-W()od bears a small proportion, 
and the heartwvood is uniform and compact. It is not 
an easy matter to say when a tree has reached maturity, 
and it is impossible to lay down any hard and fast rules 
as to times wdien trees should be felled, inasmuch as the 
situation, nature of the soil and other contingencies have 
I B 
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a larg(' inlluence lliorooii. It is st.itrd by some authorities 
that hardwood trees, sueh as the oak and the eliestuut, 
should not he eut before sixty years of age, and tliat the 
a\erage age for felling slKuild be from eighty to ninety 
years. Other writers eonsitler that oni' hundred years is the 
most suitable age for felling oak trees. In the rase of soft 
woods, surh as Norway sinure and Srotrli ])ine grown in 
Norway, from S('\'enty to one hundred yi'ars is gi\-en as 
the proper age at whi('h to rut. for ash. larrh, and t'lm, 
between hfty and ninety years, and betweam thirty and 
iifty yi'ars for poplars. 

As regards tlu' most suitable 'reason lor lelling.a con- 
siderable divt'i'^ity of nj)inion ''(•em> to exist. It app(‘ai>, 
howe\'er, that (‘ither mid-'iimmer or winter are tlu' most 
appropriat(‘ times. Some authorities maintain that the 
former is prefeial)!*-, as the lea\-es are th('n fully 
expanded, the tlow of the .saj) ('eased, and all surh 
extraneous vegetal)l(' matt(‘r as is dt signed for the leax'es 
has been remoxed from tht' tret* trunk through tlu* ageni'y 
of th(^ rommon ^aj), leaxing it in a stati' of (pU('srenri\ 
and deyoid of the lainriple of germination so ('asily 
e.xrited by tlx* })risenr(‘ of heat and nutistung which 
when existing at the |)eriod of felling is th(' origin of 
rapid dec ay, and reitders it liable to the- attac k^ of worms. 

On the otlx.-r haiul, midwinter is declared by others to 
be the best season tor felling, because' the heart-wood of 
trees fellc'd at that time of the year is not so miic'h affected 
by moisture, and considered to be th(‘ best and the most 
durable, l^ritton' remarks on this that “ as the only 
peculiar recommendation w'hic h that time possesses, is 
the facility which it affords for gradtial seasoning, by 

‘ . { I realise on Dry-rot in l imber, hy T. A. I^rittoii. (London ; 
L. & F. N. Spoil.) 
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which timber is rendered less liable to split and get 
distorted, and slow drying being generally available at 
any season under shade and shelter, midsummer appears 
for obvious reasons the most (expedient. In general, all 
the soft woods, such as elm, lime, poplar, willow, should 
be felled during winter. For some kinds of trees a little 
after midsummer appears to be decidedly the best time 
for felling. Alder felled at that time is found to be much 
more durable ; and Idlis observes that beech when cut 
in the middle of the summer is bitter, and less liable to be 
worm-eaten, particularly if a gash be cut to let out the 
sap some time before felling.” 

In the case of oak trees, the valuable bark is removed, 
whilst the tree is standing, early in spring, which is the 
best season. 'I'he tree is not felled until the new foliage 
has been put forth and died. This j^lan is claimed to 
also improve the timber and to render the sap-wood as 
strong and duiadale as the heart-w^od. It is generally 
considt'i'ed that all wood becomes harder if barked or 
worked green. 

The age of tree's is capable of being deduced from the 
number of rings of wood that have been deposited around 
the pith. To make such an estimate it is of course 
necessary to have an entire section of the stem under 
obscr\'ation, but in tropical countries, for the reason 
given below, this method of computing the age of trees is 
not to be relied upon, luich of the rings or zones is 
produced in one year, anti in temperate climates, where 
the growth of the wood is arrested for so many months 
between the seasons, the zones are distinctly sliowm, and 
this marked distinction in the wood produced in the latter 
part of a former year and that of the first part of the 
succeeding year continues yearly throughout an extended 
period. 
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Definition of the term Wood. 

Wooded stems arc divisible into two classes, exo- 
genous which enlarge from without and are the most 
common in cold climates, and endogenous, which grow 
from within and are most general in warm climates. 
An exogenous stem always comprises pith, bark, wood, 
and medullary rays, and each stem has two systems, viz., 
the cellular or horizontal, and the vascular or longitu 
dinal, the above j)arts belonging to one or otlier of these 
systems. 

The term wood is usually held to nu'an those portions 
of the vegetable axis that are possessed of a sufficient 
degn'C of hardness to afh^rd Mieh resistance and solidity 
as to admit of use being made of them, for purposes 
where various degrees of iirmness and strength' are 
required. All flowering plants compris{' an axis and its 
appendages, viz., th(‘ stem and root, and leaves and 
flowers. In the case of tri'cs. shrubs and under-shrubs, 
the axis is designated as woody, whilst in that of herbs 
it is called herbaceous. In the first instance the stems 
are permanent, that is to say, they do not di<’ down to 
the ground annually as they do in the latter. Trees, 
shrubs, under-shrubs and bushes, aie therefore only 
gradations of magnitude in perennial plants, and woods 
used for purposes of the arts and manufactures are 
yielded by them all. 

For timber, however, that can be made availabh' for 
extensive use, bulk and dimensions are re(piired, conse- 
quently the greater portion of the woods used are derived 
from trees. 

With the single exception of the pine-— which grows 
to a larger size in cold climates and on mountains at 
considerable altitudes- botli the hardest and the heaviest 
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woods are produced in the tropical and semi-tropical 
climates. 

Wood consists essentially of vessels and cells, the only 
solid parts being th(? coats which form them. The 
vessels or tracheids form the lungs of the plant, and in 
these vessels is the sap, the circulation of which through 
the tree is the source of its existence. On the death of 
the tree, however, tlie sap in the wood is liable to produce 
vegetable decomposition owing to the process of fer- 
mentation. Putrefactive fermentation and the subse- 
(juent decomposition of vegetable matter is due to albu- 
men, a fact whi(ii was iirst disco\'ered by Kyan, the 
inventor of the ])rocess for |)reserving wood known as 
“ Ivyanizing.” 

'I'he most common ('aus('s of decay in wood are the 
presence of sap, and being subjected to, alternating condi- 
tions of wetness and dryness, or to a combination of 
moisture, luMt, and absence of ventilation. There are 
therefon', three things esstmtial to decay, viz., moisture, 
warmth, and air. Consecjuently if wood be buried deep 
in the ground, or kept under water, it will not decay, 
neither will wood which is kept j)('rfectly dry be liable 
to decay. In all other situations, however, unless some 
substance which will act as an antiseptic or a germicide 
be employed as a })reservative, wood is liable to 
decay. 

Desirability oe employing some Process for the 
Preservation of Wood. 

The desirability of emi)loying some efficient process 
for the preservation of wood is now universally admitted, 
consequently the importance in the industrial world 
of such treatment is thoroughly recognized, and the 
use of preventative solutions is rapidly increasing. The 
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advancing cost of timber has brought home to the con- 
sumer the fact that the only possible offset to this en- 
hanced cost is the use of such preserwative methods to 
prevent, or rather to retard, decay, and tlius not only 
to lengthen the life of wood in all its forms, but also to 
widen the held of supply by bringing into use a number 
of less valuable species of timber. 

In short, the advancing price of timber and the increas- 
ing scarcity of many kinds of wood render the use of 
some preservati\e treatment — whereby the life of the 
wood can be in some cast's quadrupled —to protect it 
from decay advisable in all situations where it is possible 
to use timber so treated. The desirability of employing 
sucli preservati\e treatment will be more fully realized 
when it is considered that some 8o to 83 jx'r cent of 
the wood used is stated to be lost by decay ; the ravages 
of insects, tires, and mechanical destruction accounting 
for the balance. ** 

In the United States, where a comparati\('ly fc'w years 
ago the supply of timber seemed all but inexhaustible, 
the amount of lumber now available hardly meets the 
ever-increasing demand in a satisfactory manner. This 
is due to careless lumbering, failure to replant denuded 
areas, and to the enormous waste caused l)v forest tire*. 
These remarks are also more or k ss a])plicablc' to other 
timbered countries. 

The magnitude of the lumber industry in the United 
States may be gauged from the fact that the number 
of mills is given as 29,648, a total which probably does 
not include a considerable number of small (establish- 
ments. As regards the number of men employed, this 
industry ranks as the third in magnitude, and the 
reports of the Department of Agiculture for 1913 give 
the production for one year as being, for softwood 
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30.526.000. 000 ft. board measure, and for hardwood 

8.632.000. 000 ft. board measure, that is to say, a total 
of 39,158,000,000 ft. board measure. W ith tlie rapidly 
increasing population, the home demand for timber is 
naturally rising at a corresponding rate, and in some 
parts of the country the sources of supply ha\ c already 
become depleted, h'or instance, in the eastern and middle 
States the lumber industry is d('cadent, whilst in the south 
it is probably now at its /.(‘iiitli. It would appear that 
the only held for futuia' de\ i'l()j)ni(‘nt lies on the Pacihc 
side, in wliicli region tluai- has of late years been an 
immense increase of lumber prodiu'ticm. Writing on 
this subject i\lr. h. Tiffany obser\'e.^ that high prices 
having acted as a deterrent and lessened the demand, 
the immediati' hair of al)sohite e.xhaiistion of the forests 
is fninimized, but that none the h'ss there exists a real 
need for the conservation of tlu' I'xisting forests and for 
reafforestation wherex'er possible.# 

As a general rule, it may be taken that preservati\'e 
treatment should only bi‘ a})plied to such woods as are 
not in themselves resistant to decay, so as to render wood 
available which otluawise would be useless, and which 
('an be obtained at a low price as compared with durable 
species. W'ood to be treated should be of such a character 
as to receive impregnation at h'ast through the sap-wood, 
and when the heart- woi^d cannot be impregnated it should 
be in itself resistant to decay. Only jierfectly sound 
timber, free from defects, should be tn'ated. 

The beginning of wood preservation, at least on an 
extensive scale, in this country dates from the initiation 
and growth of the principal railway systems, which soon 
created a demand for some efficient process for the pre- 
servation of timber, jirimarily for a \-ariety of uses, but 
latterly more especially for the treatment of railway ties or 
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sleepers and crossing timbers. With respect to tlie 
latter, the value of an effectual method of preservatipn 
will be seen to be of greater \'ahie each succeeding year, 
as the prices of those timbers ha\e increased fully 70 
per cent during the last twenty years. That pri'serving 
is being more and moie extensively r('Sort('d to is shown 
by the fact that owing to the incn'ased demand for 
creosote alone as an antiseptic for that |)ur|)osi\ botli lu're 
and in Americ a ’ -to wliich latter country large' e.\j)orts 
ha\e bec'U madr' — tlu' \’a!u<' of this substance has risen 
so rapidiv that within the same ])eriod (tweiiU' ye;irs) 
th(‘ avc'iage price has practically doubled. 

Wood pre>ervation on a coinmeicial sc'uh' Wit^ begun 
in the rnitc cl State> in iSjS, in which yeai' a non-|)ressnre 
[U'oeess or steej)ing plant wa^ opiaated at Lowt‘11, Mass., 
by Otis, Allen cA Son, the j)reserva1 i\-e employed being 
chloride of inenairv. 


' 'rii(“ of coal tai <'r(Misol<‘ in tlio rnit('tl Sta,l('s is 

gi\'en (sec Pyncrcdni;;:^ AiixiKdii W'lnui /’/( ; .a .Isstxidtioii 

Bulklin, loi-f) n.-N ^7 g >50 galh.ns, or allowing an estimate 
l(.)r the ]'>l.int.s that did not rc|>oit a, total (;on.Mim])tion of nearly 
I lO, 000,000 <j,allons lor loi g Ir-,-; than .|o ))er ('eid. of w'hieh 
quantity was inodiua d in tliat << nnli'v. 'The imports (see Ij’eed 
PreseyverA Bulletin, ()<f, lire., loi [) amounted to oigSo^.ojS 
gallons or e(|uiva.lent t<i 0| p p, r (cnt. of the total eonsninpfion. 
These imports were made n|i as lollows : Ihdginm, /,e73,i7} 
gals. ; Germany, 17,017,101, gal^. ; .Netherlands, 7,oOj,j pS gals. ; 
Sweden, 3.000 gals, ; I'ligland, 2.i,3.S3,(>0() gals. ; Scotland, 
I3.58i,9'r5 ; Xorth ,\nieiiea (('anada), 1,131,^23 gals. 

The total imjiorts for iqoo wen* pj.oq-yiSo gals.; for ipio, 
38,213,180 gals.; for iqii, .}5, 303,012 gals.; and for i()i2. 
52,298,202 gals. 'J’lie erco.sote imjiorted in 1909(39,(195,181) gals.) 
was valued at 2,221,234 dollars (about i V^d. per gal.), and that 
in 1913 (bq, 803. 1)78 gals.) was valued at 3.71 b hio dollars (about 
2 -()d. per gal.). 'Die ligures for km 4 (see Pro. Am. Wood 
Preservers' Associaiiou, km 3) are ; dotal creosote used, 70,331.000 
gallons, of which 51,307,7^0 gals, was imj)()rted. 
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Early History of the Art of Wood Preservation. 

The early history of the preservation of wood by the 
use of antiseptics is an exceedingly interesting one ; un- 
fortunatc'ly, howe\’er, tlie space available will only allow 
of a \'ery brief la'view of the principal outlines. The art 
is in all |)robal)ility one of very great antiquity. It is 
sn])])0scd to haw been ])ractised by the ancient Egyptians, 
and wooden colTnis used by them, estimated to be at the 
\'ery least 2,000 years old, ha\T; been found in a good 
stale of preservation. Woodim dowel-pins — probably 
of tamarisk or shittim wood — are also em})loyed in the 
stonework of the ancient ligyptian temples, the age of 
which is undoubtedly ovei' 4.000 years, d'hese latter are 
in all probability th(' oldest pieces of wood existing in the 
world, and 'drv. thought to have been treati'd with some 
preserv'd i\'e agent, probably bitumen. 

('barred wood also has been foilnd in ('xcavations in 
perh'ct condition after lying in the ground for some 1,500 
years. On the destruction of the Temple of Diana at 
l''phesus, it was discovered to have been built on charred 
piles, and at Herculaneum charred wood 2,000 years old 
was found in good ])reservation. 

Pliny stall's that the ancit'uts em])loyed garlic boiled 
in vinegar to ])rest'rve wood from the attacks of worms, 
and that oil of cedar is a specific against worms and decay. 
He also recommends tar and linseed oil as preservatives. 
The wooden images of the goddess Diana at Ephesus 
and Jupiter at Rome were impregnated with olive oil 
and cedar oil, and tlie statues of Minerva and Bacchus 
with oil of Spikenard. Cato, Vitruvius and Palladius also 
give particulars of j)roccsses and substances used in their 
times. 

A table was shown at the 1851 exhibition in London 
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made from the central portion of a charred beam found in 
an ancient Roman villa near Pompeii, o\’er\\iielmed by 
the eruption of Mount X'csuvius, which almost destroyed 
the city, A.i>. 79. Allowing for the age of the tree when 
felled this beam, when found in 1833, would ha\'0 been 
about 2,000 years old. 

Amongst the pioneer investigators into tlie subjtrt of 
jirc'servative agents for wood was Johann ('dauber, of 
Carlsbad. Cjermany, • a celebrated chemist in his day. 
(dauber’s e.xperiments were mad(‘ about it)37, and his 
process consists in lirst carbonizing the wood under the 
action of lire, then coating the surface with tar, and sub- 
sequently immersing the wo<xl so treattal in pyroligneous 
acid, or crude acetic acid, which is oi)tained by the dry 
distillation of wood. 

In the year 1740,^ a Frenchman named Juigol is stated 
to have carried out experiments with solutions of alum, 
sulphate of iron, and Various other substances, the wood 
being immersed in the solutions for several days. Haller, 
in 1736, ])roposed the use of vegetabk* oil as a preserva- 
tive agent. Jackson, in 1707, suggested a solution of sea 
salt, with the addition of sulphate of iron and magnesia, 
alum, lime, and potash were added. Pallas, in I77(). 
experimented with a process, intended to mineralize the 
wood, which consisted in first immersing it in a solution 
of sulphate of iron or cop[)eras (gretm vitriol) and after- 
wards in a bath of milk of lime. About the year 1784, 
Hales proposed steeping the wood to be preserved in a 
soluticui of sulphate of copper (blue vitriol) and after- 
wards coating with oil of tar. Fordyce substituted for 
the above sulphate of iron, and Congreve suggested the 
use of creosote as a preservative application. In 1796, 
Hales suggested that treenails for use in ships should be 
creosoted. 
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A Norwegian clicmist named Neils Nystrom, in 1800, 
suggested the use of a solution of sea salt and copperas. 
The application was to be made with the solution at as 
high a temperature as possible. 

In 1805. it was i)roposed by Maconochic to impregnate 
woods of inferior qualities with resinous and oleaginous 
matters to increase their durability, and to inject the 
distillation from chips of teak into lir woods. 

In 1811, Lukin designed a special stov'c for impregnating . 
timber with such preservatives as those mentioned above 
under an increased temperature, but little success attended 
the experiment. In the latter year also Cadet de Gassi- 
court saturated various kinds of wood with different 
vegetable and mineral substances and unguents, metallic 
sajts (iron, tin, etc.). 

In 1813, Champy steeped wood ip a bath of melted 
tallow, raised to a temperature of i()8''C. (334-4°F.), for 
from two to three hours. * 

It occurred to Wade, in 1815, to employ a solution of 
alum as a preseiAative. This, however, had been tried 
many years before and found worse than useless as it 
caused a rapid decay of the wood so treated. In the 
same year this experimenter recommended for the pre- 
servation of wood the use of oleaginous or resinous 
matters such as linseed oil and ordinary resin dissolved 
in a lixivium or lye of caustic alkali, the impregnated 
wood to be subsequently immersed in a bath of water 
acidulated with some cheap acid, or with alum in solution. 
He also suggested the use of sulphate of copper, zinc, or 
iron, objecting to deliquescent salts on account of their 
corroding action on metals. A. Bo^'don, also in the 
same year, very strongly advocated the boiling of wood, 
first in lime-water, to correct acidity, and afterwards in a 
weak solution of glue, to close the pores and render the 
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growth of vegetation impossible. The glue he also 
thought might be used by itself, or mixed with lime-water. 

In i8i6, W. Chapman tried experiments with yellow 
soap, and in 1817 he conducted a number of further 
experiments with lime, soap, and alkaline and mineral 
salts, as preservativ(‘ agents. One preser\’ative solution 
which was recommended by this inventor consists of 
I lb. of copper sulpliate (blue vitriol) dissolved in 4 gals, 
of rain-water, and aj)plied liot. Another solution is i o/. 
of corrosive sublimate to a gallon of rain-water appliial 
in a like condition. 

In 1822 a patent was obtained by Oxford for what In* 
claimed to be an improved method of preventing the 
decay of timber. The invention consisted in the extrac'- 
tion of the essential oil of tar by distillation and at th(‘ 
same time saturating it with chlorine gas. With the 
oil thus obtained suitable proportions of oxide of lead, 
carbonate of lime and' carbon of purified coal tar in a 
finely disintegrated condition were mixed. This com- 
position is to be applied in thic'k coatings to the wood to 
be preserved. 

Hancock in 1825 suggestc'd the use cjf a soluticju con- 
sisting of i.i lb. of caoutchouc in j lb. of (ssential oil, 
fj lb. of tar being afterwards added. 

The above mentioned arc; a f(‘w of tlu' processes for 
the preservation of wood invented during the period that 
elapsed from the date of Glauber’s experiments, many 
of which would doubtless be found to be more or less 
effective for the purpose, the chief question being the 
commercial one as to the possibility of economical appli- 
cation. 

In 1831 hydraulic })ressurc for forcing the preservative 
agent into the wood was first patented and used by a 
Frenchman named Hreant. 
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In 1832 Fontenay suggested the use of the residue to 
be obtained in the axle boxes of carriages, also from the 
acid remains of oil, suet, iron, and brass dust, all being 
melted together. This he termed iwtallic soap.” 

It was during the decade between the years 1830 and 
1840 that the most satisfactory results were obtained by 
tlie earlier investigators, and indeed several of these 
processes have survived to tlu^ present time and are in 
successful use in somewhat modified forms. In this 
regard three methods of preservation may be especially 
mentioned, : tlu' ('orrosive sublimate or mercuric 
chloride (Hg(. L) known as the ” Kviini/dng ” process; 
the dead oil of tar or ('reosote oil, or creosoting |)rocess ; 
and the chloride of zinc (ZnCL), or ” Ihirnettizing ” 
process. 

* The first of these j)ro( esses was iiu’enled and patented 
by .Mr. Kyan in 1832, It consists m steeping the wood 
in a solution of bichloridt' of mercury or corrosive sub- 
limate, and the preser\’ativ(^ effect was originally supposed 
to be due to the de('omposition of the salt (IlgCla) on 
coming in contact with the albumen of the wood, by which 
one equivalent of chlorine is e\-olved, and the salt, which 
is then convertc'd into protochloride of mercury or calomel 
(HgCl), forms an insoluble compound with the albumen, 
and pn^vents, or at any rate largely decreases, its tendency 
to decomposition. According to Dr. Liebig. howe\Tr, 
the corrosive sublimate combines with the lignine or 
woody fibre and not with the albumen. 

The ” Kyanizing ” process is now less frequently em- 
ployed owing to the greater cost of the agent and the 
length of time required to carry out the operation. 

1835, F. Moll suggested the impregnation of wood 
with the vapour of creosote oil. 

In 1837, Flocton devised a process for the preservation 
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of wood by saturating it with wood tar and acetate of 
iron. 

Margaiy also obtained a patent for the application of 
sulphate of copier to wood for preser\’ati\e purposes, 
and a Frenchman named Letollier suggested the immersion 
of wood in a solution of corrosiv’e sublimate and, after 
drying, in one of glue, size, etc. He also proposed the use 
of deuto-chloride of mercury. Margary steeped the wood 
to be preserved in a solution consisting of i lb. of sulphate 
of copper to S gallons of water, k'axang the wood in the 
bath until thoroughly saturated. 

In the same year (rSg;) Hreant, the inventor of the 
|)ressure system, obtained a second patent for operating 
by means of vital suction, and in the following year 
(183S) a third patent for operating by means of a vacuum 
created by the introduction of steam into the retort or 

. c 

impregnating cylinder and its subsequent condensation. 
As a preservative agent he preferably used linsei'd oil 
and resin. 

John Bethel, in 1S38, patented the process wherein the 
wood to be preserved is impregnated with dead oil of 
tar or creosote oil, and other bituminous matter contain- 
ing creosote, also with pyrolignite of iron, which holds 
more creosote in solution than does any other watery 
menstruum, d'he inventor employed hydraulic pressure 
in closed iron tanks or vessels, from 100 to 150 lb. per 
S(|uare inch being maintained for six to seven hours. 

Sir William Burnett in the same year patented the 
process — known as “ Burnettizing ” — for saturating the 
wood with a solution composed of i.l parts of chloride 
of zinc (ZnCh) to 100 parts of water, which was forced 
into the wood at a pressure of from 125 to 150 lb. per 
square inch, the air having been previously exhausted 
from the retort. 
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A process largely used in France) was invented by 
Boucherie in 1840. The preservative agent employed is 
sulphate of copper (CuSC^), a solution of which is forced 
into the wood by gravity. The timber to be treated is 
set on end covered with a water-tight cap, and the solu- 
tion, consisting of- 1 part of sulphate of coppea' to 100 parts 
of water, is delivered into this caj) from a tank placed at a 
considerable height by means of a flexible pipe. The 
sap of the wood is forced out at the lower end, its place 
being taken by the solution. 

Champy suggested a ])ro(‘ess ('onsisting of (lipi)ing the 
wood whilst greem in melted tallow at a t('m])eraturc of 
about 93’J^t'. (ioo'^lv). I'he water and gases being 
driven out, the melted tallow is said to penetrate into 
the pores of the wood under atmospheric pressure. A 
similar process to the above with resin instead of tallow 
was advocated by Payne. 

In 1841 a (ierman chemist nant)d Miienzing suggested 
the use of chloride of manganese (waste liquor from the 
manufacture of bleaching powiler) as a. pre\’eiitative of 
dry-rot. 

The preliminary steaming of the wood was introduced 
by Payne in a process patented by him in 1841. The 
preservative agent employed consists of sulphate of iron, 
or ferrous sulphate (h'eSO,,). and muriate of lime. The 
plant described and used by the iiu'cntor comprised a 
cylinder or retort which does not differ materially from 
those employed at the present day. Briefly the process 
consisted in arranging the timber to be treated on a 
sledge, on which it is kept in position by hoops and chains, 
and the sledge being arranged to run on rails into a long, 
cylindrical iron vessel, or retort, the cover or door of 
which is then screwed on air-tight. Steam is then ad- 
mitted, through a valve, and the air driven out, after 
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which a partial vacuum is formed by the introduction of a 
certain amount of cold solution of sul})liat(' of iron (pro- 
tosulphate of iron), which is pumped into the retort by 
means of pumps worked from a steam eiii^ine, and the 
steam in the retort condensed. An air pump is tla'ii 
started to complete tlie vacuum, the mitiseptic solution 
flowing in as the air is exhausted, and prc'ssnn' is sub- 
sequently applied by means of force' pmnj)s worked from 
the engine so as to hll the ])ores of tli(' wood After a 
few minutes the suljdiate' of iron solution is allowed to 
flow out of the retort, tlu* air bi'ing icadmittcd. tlu' iviort 
is again heated with steam and is siinilarlv lilled with 
muriate of lime. 

A double decomposition is claimed to take place within 
the pores of the wood, as the muriatic arid ^o('s over to 
the iron forming inuriati' of iron, and tlu' sulphuric' ai id 
proceeds to th<‘ lime, forming sul])hate of lime' orgy])smn, 
The latter remains pfincipallv in the porc's, whilst the 
muriate of iron perx'ades the wood gen< “rally. 

The entire process of jueparing tlu' timber, including 
the tilling and emptying of tlie tank, takes from one* to 
three hours, according to th<' dimensions of the' retort. 

Wood subjected to this trc'atinent bc'coiues much 
heavier, and is claimed to be not only less |)r('disposed to 
decay, but also less combustible, darker in ('olour, and 
proof against dry-rot and the ravages of in^-c'c ts. 

The inventor also provides by cc'rtain variations of the' 
process, and by the use of sonu' other salts, for staining 
the light-coloured ICnglish woods in a variegatial manner, 
throughout their substance, and thus rendering them 
more suitable for ornamental furniture. The principal 
application of the process, however, is for the treatment 
of timber for use for railway purposes, for building, and 
for piles. 
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In 1842 a solution of corrosi\T‘ subliinalo in tur})cntiiie, 
or in oil of tar, was sugx^cstcd as a preservative by Pro- 
fessor Rrancle. 

In 1843 Parkes pro])oscd to employ eaoutclioiic dis- 
solved, in sulphur, for application either by brush or by 
inunersiou. 

Passe/, in 1845, aho pro|)osed to dissolve ('aoutchoiic 
in sulphur, and to employ the solution as a paint or to 
immerse the wood in it. 

In iS()2 de Lap|)arenl suc.Q<'sled the use of a paint for 
pre\-entii\^' tli(' i^u'owtb of fuiii^i, of which the basis is 
lloui' of sul])hur, lins(‘ed oil bein,y employed as an amal- 
gamator. Me also favoured tlu* charring of wood. The 
paint consists of flour of sul})hur 200 grammes, linseed 
oil (j:ommon) 135 grammes, and pre])ared oil of man- 
ganese 30 grammes. M. de T.a])part"nt. who was at 
that time fnspi'ctor-deiK'ral of Tiiijber for tlie French 
Navy, ])roposed the use of this paint on either the ribs of 
a vessel or undeineath the Ci'iling, and considered that 
the sulphurous atmosphere de\'('loped would tend to 
destroy the S])orules of fungi. This in\'entor also devised 
an apparatus for the carboni/atioii of wood with ordinary 
inflammable coal gas, a d(wic(' also useful for burning off 
old ])aint, 

John ('ullen, about 1873. |)atented a composition for 
the preservation of wood. I Ik' iiuention consists essen- 
tially ill a composition of coal tar, lime, and charcoal, 
the latti'r two ingredients being reducr'd to an impalpable 
powder, 'flie abo\e malcaaals ha\'ing been well mixed 
and subjected to heat, the wood to be treated is immersed 
therein, and impregnation may be very materially assisted 
by the employment of exhaustion and pressure. 

In 1875 Hatzfield suggested the use of ferrous taimate, 
which he claims possesses the ad\’antage of not losing its 

c 
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protectiv’c action in the course of time, and also to be 
easy to apply. Most woods liave saps which contain 
gummy albuminous matter, and the idea of the inventor 
is to convert these into insoluble, unalterable compounds 
by means of soluble ferrous tannate, which becomes con^ 
verted into insoluble ferric tannate by oxidation, so as 
to bring about a sort of petrifaction, greatly augmenting 
the unalterability i)roduced by tannin alone. The tannin 
liquor mav also be iis(hI first, the tnMtment with a ferrous 
salt being carried out subse(jueutly. The pyrolignite 
appears to be the most suitable iron salt. 

The preceding is a brief chronological outline of the 
early history of wood preser\atioii by the use of anti- 
septics or germicides from it)57 up to the latter part of 
last century, I'o th(‘ various jirocesses devised, and 
used during rei'cnt yi'ars, and the modern appliances for 
the preser\<itive tr.vatment of wood, separate chapters 
arc devoted. 



CHAPTER II 

The Destruction of Wood by Decay and the Ravages 
of Insects. 

Wet-rot — Dry or Sap-rot - J’^ifoc.t of Dry-rot on Health — Mollus- 

can Wood-Dorers ; riie Pliolas — The Teredo Navalis or 
Shipworni— Tlie Xylotrya — Tire Ix'pisnia — The Sphacroma 
■ -The Liniiioria terebrans or Gribble— The Cholura tere- 
brans or Wood-boring Shrimp — The Formica fuliginosa or 
Black Carpenter Ant- 'Plrc Formica fusca or Dusky Ant — 
The Formica tlava or Yellow Ant -The Thermite or White 
Ant — The Red Ant - The Carpenter Bee- -Beetles, etc. 

Wl'T-KOT AND Dry dr S.\r-rot. 

T wo kinds of decay are distingjiished : wet-rot and 
dry or sap-rot. d'he former, wliich may on rare 
occasions occur wliilst the tree is standing*, takes place 
where the gases evolved, priiK'ipally carbonic acid (CO2) 
and hydrog('n (II), can escape from the tissues of the 
wood, the sappy portions (^specially becoming decom- 
posed.^ The latter, which takes place only in dead wood, 
occurs in confined j)laees, where the gases evolved, finding 
it imjjossible to eseap(‘, enter into new combinations and 

• Baron Lielng defines the following three processes of decom- 
position : (i) Oxygen in the atmosphere combines with the 

hydrogen in the fibre, and the oxygen unites with the hydrogen 
in the fibre, and the oxygen unites with the portion of carbon of 
the fibre and co-operates as carbonic acid ; this process is known 
as decomposition. (2) 'Phe actual decay of wood which takes 
place when it is brought in contact with rotting substances. 
(3) Putrefaction, which he holds to arise from the inner decom- 
position of the wood in itself. Ft loses its carlx)n, forms carbonic 
acid gas, and the fibre, under the iiilluencc of the latter, is changed 
into white dust. 
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produce fungi, which derive their nourishment from, and 
thus destroy, tlie wood. 

W et-rot consists of porous fibres extending from tlie rot 
into tlie trunk of the tree, and is brown in colour, with a 
disagreeable odour. \V('t-rot frecjuently has white spots 
of a watery substance ; when it has yellowish flames, it is 
exceptionally dangerous. Referring to fungi, Ihitton, in 
his treatise on Dry-rot in 'Timber, says : “ A large quantity 
of till' vegetable kingdom consists of plants differing 
totally from the flowering plants in general structure, 
ha\’ing no flowers, and: producing no seed properly so called, 
but propagating by means of minute cellular bodies, called 
spores. These highly organized vegetables are known to 
botanists as Cryptogamia. Ibingi are plants in which the 
fructifying organs are so minute that without the aid of a 
powerful microscope they ('annot b(' detected. To the 
naked eye, the tine c\.ust eject('d from the plant is the only 
token of reproduction. Tins dust, however, is not truly 
seed, for the word seed supposes the existence of an 
embryo, and there is no such thing in the reproductive 
bodies of fungi. The correct t(;rm is spores, when the 
seeds arc not in a ('ase ; sporidia wlum enclosed in cases. 
The spores or sporidia are placed in or u])on the receptacle, 
which is of very various forms and kinds, but how different 
soever these may be, it is the essential part of the fungus, 
and in many cas(‘S constitutes the entire ])lant. That 
portion of the receptaek' in which tlu* rt'productive bodies 
are embedded is called the hymenium : it is ('ither external, 
as in the agaric, where it forms gills ; or included, as in 
the puff-balls. The pilens of fungi is the entire head of 
the plant, not a mere head covering. 

" Some naturalists have insisted upon the spontaneous 
production of fungi, while others maintain that they are 
produced by seed, which is taken up and supported in the 
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air until a soil proper for its nourishment is presented, on 
vvliieh being deposited it springs up of v^arious appear- 
ances according to th(‘ principle of the seed and the 
nature of tlie recipient. It is extremely difficult to give a 
logical delinition of what constitutes a fungus, ft is not 
always easy with a cursory observation under the micro- 
scope to determine whether some appearances are produced 
by fungi, insects, or organic disease ; experience is the 
sah'st guide, and until we acaiiiire that we shall occa- 
sionally fail.” 

A very large number of fungi are known to naturalists : 
the Index Fuw^oriim Britannieorum mentions 2,479 
species of British fungi alone. It is obvious, therefore, 
that the study of this very extensive family of plants is a 
science in itself, and that any attempt at a detailed 
account of its arrangement would be o;itside the scope of 
this work. 

The growth of destructive fungi or the revegetation of 
timber requires air, light, and moistniw Organic matter, 
such as timber or dead wood, containing nitrogen, is very 
susceptible to the action of moisture and varying tempera- 
tures, as the nitrogen, not possessing any great affinity for 
the other elements contained in the wood, favours decom- 
position or decay. W’hen this decomposition has once set 
in the germs of cryptogamous plants, possibly deposited 
in the structure during life by the sap whilst circulating, 
develop with great rapidity, and help the action of 
the other causes which produce ereinancausis or slow 
decay. 

Figs. 1 and 2 are two views, for which the writer is 
indebted to Messrs. R. Wade, Sons eSc C(^ ., Ltd., of a wood- 
destroying fungus {Ten linns Tepid ns) growing on a red fir 
sleeper in South Dakota, D.S., and Fig. 3, reproduced from 
an illustration given in the Allis-Chalmers Bulletin for 
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July. 1909, shows the growth of destructive fungus 
on an untreated wliite oak sleeper. Fig. 4 shows, an 



untreated cypress wood paving block after twelve yeai's’ 
service. 
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The fungus which produces dry-rot is, says Britton, 
of various appearances, differing in accordance with the 



situation in which it exists. In the earth it is fibrous and 
perfectly white, ramifying in the form of roots ; passing 


Fig, 2. — Enlarged view of fungus shown in Fig. 
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through substances fruin the external surfaces, it some- 
what differs from that form ; here it separates into in- 
numerable small branches. ^^I•. McWUliam observes : 
If the fungi proc eed from the slime in the lissures of tlie 






I'lO. 3.— \icw sMowin- ^rowtli of .Irstnu five fiinuus on an unli ca'icd 
ivliitc oak' ska*|Hr. 

earth, they aie generaWy \ eiy ramous, h:i\ iug round fibres 
shooting in ewry direction. If they arise from th(' roots 
of trees, their iir>t appearance is something like hoar- 
frost ; but they soon assume' mushroom shape.” 




•eO 


Fig. 4.— Untreated cypress wood paving block ^ ^ ^ y ^ S, 

after twelve years’ service. whicll is thuS 
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described by Dr. Greville : Whole plant generally 

resupinate, soft, tender, at first very light, cottony and 
white. When the veins appear, they are of a fine yellow, 
orange, or reddish-brown, forming irregular folds, most 
frequently so arranged as to have the appearance of pores, 
but never anything like lubes, and distilling, when per- 
fect, drops of water.'’ f fence the term lachrymans, from 
Lat. liiaymo, I weep. In the gQims Merulius, the texture 
is soft and waxy, and the hymenium is disposed in porous 
or wavy toothed folds. Berkeley, in his F ungology , gives 
a description, which resembles Dr. Greville’s : “Large, 
fleshy, but spongy, moist, ferruginous, yellow, arachnoid 
and \'elvety beiK'atli, margin tomentose, white, folds 
ample, porous, and gyroso-dentate.’’ 

'this fungoid growth insinuates itself between the 
woody (ibres, sprc'ads with great rapidity, and quickly 
causes the destruction of the wood attacked. The Meru- 
lius lachrymans does not occur where the wood is exposed 
to currents of dry air, light, and warmth, and is a specific 
disease which appears to be peculiar to the woodwork 
employed in buildings. In the opinion of some experts 
the Mcntliiis lachrymans requires to have the wood pre- 
pared for it by the Coni ophof'a ccrchclla or some other acid- 
producing fungus. Indeed, on a rotting stump a regular 
sequence of fungi is of common occurrence. 

hxtensivc researches have been made by Richard Falk 
{Zcitschrift fur Hygiene, Leipzig, Vol. IV, pp. 478-505) 
for the ^lerulius in the forests — where it is abundant, but 
liable to be overlooked on account of its fructifying in the 
late autumn and in winter only — with the view of ascer- 
taining whether it is a growth extensively distributed in 
native timber. The plant was found in a hedge near 
Breslau, and was plentiful in local timberyards, growing 
freely beneath the wood-stacks in the sawdust and chips 
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of wood. It was also found on living fir-trees, and deep 
down in the moss below the surface of the ground of the 
roots. Mr. Falk is satisfied from these' investigations that 
the Meruliiis found in buildings is an entirely distinct 
species, possessing distinctive jx'culiarities/ntitling it to 
rank as a separate variety. He points out that the rate of 
growth differs widely in the case of the fungi whic'h destroy 
timber. For instance, at a temperature of jj'- ('. (/i'()^ 
F.) the Merulius found out of doors grows about 2' 5 
centimetres in four days, whereas the Tomentella grows 
as much as 4*4 ci'ntimetres in the same time and at th(‘ 
same temperature. It will thus be seen that the rate of 
growth provides a convenient method of distinguishing 
between certain of the fungi. 

According to the same authority tlie range of tempera- 
ture whi('h the different fungi are cajiable of withstanding 
di\’ide tli(‘ speci('s infesting wood into lliree distini't 
groups, vh . : those creasing to grow at a temjierature of 
2fFC. (78'(S'd^'.) ; those which are capable of resisting a 
temperature of 44'^’('. (93* 2"^'!^) ; and tliose which are abk' 
to withstand a tempc'rature of 4o'"('. (io4°k'.). He claims 
to have proved that ht'at is fatal to tht' growth of the dry- 
rot fungus, and that it is practicable to entirely destroy 
its \ itality by heating the air up to 3cS'^C. (100 •4°F.) and 
maintaining that temperature for four hours, or up to 
40'C. (io4°F.) for one hour. The Lenzites group of 

fungi, however, are able to withstand comparatively high 
degrees of tempi'rature to a remarkable e.xtiait. 

A fungus which, according to Dr. H. Zikes {Zcilschrift 
des 0 ester reichhehen Ingcnieur- und Archilekten Vereins, 
PP- ^ 45 "''^)' exists in live timber and may continue 
its destructive action after the tree has been felled and 
turned into lumber, is the Polyporus vaporarius, which, 
however, is rare. The mycelium is always white, and the 
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felted network is without the broad water-vessels ex- 
hibited by the dry-rot fungus. The growth of this fungus 
is prevented by the wood being dried before use and 
proper ventilation provided. Other fungi attacking 
timber are : Lenzites sepiaria and abisHna on conifene, and 
Daealea quercina on oak, wliich only grow on \'ery damp 
wood, the organs of fructification only appearing on the 
surface, and the mycelium occupying the interior of the 
wood. 

A fungi which was formerly found to be extremely 
destructive to oak-built ships is the Polyporua hyhridus, 
of which the following description is given by Berkeley : 
'' White, mycelium thick, forming a dense membrane, or 
creeping branched strings, hymenium bricking up into 
arexg pores long, slender, minute." 

The fungi arising from oak timbers, are, according to 
McWilliam, generally in clusters of from three to ivn or 
twelve, while those from fir timber are mostly in singK' 
plants ; and these will continue to succeed each other 
until the wood is quite exhausted. 

Britton, in his treatise on D)'y~rol in Timber, obs('r\’('s : 
“ From the slow progre.ss dry-rot makes in damp situations 
it a])pears that excessive damps are inimical to the fungus, 
for its growth is more rapid in proportion as the situation 
is less damp, until arrived at that certain degree of mois- 
ture which is suited both to its production and vegetation. 
When further extended to dry situations, its effects are 
considerably more destructive to the timber on which it 
subsists : here it is very fibrous, and in part covered with 
a light-brown membrane, perfectly soft and smooth. It is 
often of much greater magnityde, projecting from the 
timber in a white spongeous excrescence, on the surface 
of which a profuse humidity is frequently observed ; at 
other times, it consists only of a fibrous and thin-coated 
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web irregularly on the surface of the wood. Excrescences 
of a fungiform appearance are often protruded amidst 
those already described, and are e\'idences of a very cor- 
rupt matter j)eculiar to the spots whence they spring. 
According to the situation and niatter in which they arc' 
produced, they are dry and toughy, or wet, soft, and 
fleshy, sometimc's arising in sevtaal fimgiforms, eacli 
above the other, without any distinction of stem ; and 
when the matter is differently corrupted, it not unfre- 
quently generates the small acrid mushroom.” 

From the above it will be seen that dry-rot fungi are 
capable of performing this dc'structive work with a 
smaller supply of moisture, 'fhese fungi, moreover, 
possess a ciuality of remaining in a dormant condition 
for a considerable time, and are conseciuently liable to 
be introduced intp buildings with the timber. Their 
rapid growth under favourable conditions, and tlie destruc- 
tion wrought by thcah upon both lU'w and old biiildings, 
renders the dry-rot fungi es[)e('iall}- dangerous. 

” Damp is not only a cause of decay, but is esscmtial to 
it ; while, on the other hand, absolute wet, (.'specially at 
a low temperature', prevents it. In ships this has been 
particularly remarked, for that j)art of the* hold of a ship 
which is ccmstantly washed by the bilge-water is ne\'er 
affected with dry-rcA. Neither is that side of the planking 
of a ship’s bottom which is next the water found in a state 
of decay, even when the inside is cjuitc' rotten, unless the 
rot has penetrated cjuitc' through the inside.” 

If wood be kej)t always wet cu' always dry, it will last 
for very long periods. It is on reccud that a pile was drawn 
up sound from a bridge over the Danube betwc'en Austria 
and Turkey which had been under water for 1,500 years. 
A post driven into the ground commences to decay near 
the surface of the ground. Jf the ])ost be driven through 
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water into the ground, it will begin to decay first at the 
surface of the water. A beam let into a damp wall, will 
start decaying at the point where the wood enters the wall. 

The first ajipearance of dry-rot externally is in the 
form of a delicate white vegetation which looks like mil- 
dew. Afterwards the fibres of the vegetation become 
collectc'd together into a mor(‘ decided form, which has 
the appearance of hoar-frost Subse(]uently it rapidly 
develops the leathery, dense characteristics of the fungus, 
leaves are formed, it qiiic'kly spreads in every direction 
and ()\rr everything, sometimes mounting to a considcnihlc 
height on th(^ walls. The colour varies, and white, grey, 
browns of various shades, violet, etc., are amongst the tints 
shown. If a section of a piece of wood suffering from dry- 
rot, be placed beneath the microscope, white threads 
spreading and ramifying in every dkcction through its 
substance will be seen, the threads being matted together 
so as to resemble lint and effused over the surface of the 
wood. In the middle of every large collection is formed a 
gelatinous substaiu'e, which slowly assumes a yellowish 
hue with a wrinkled, sinuated, porous consistency, and 
sheds a red-coloured powder upon a white down (which 
powder is th(' spores). This is resupinate pilens, the 
hymeuium being upwards, of Mcruhus lachrymans in its 
perfected and matured condition. For a considerable 
time before the above condition is arrived at, however, 
the entire portion of the interior of the diseased wood has 
perished, the cottony hlament has slowly but surely filled 
up all the sap vessels, and by the time that the fungus 
makes its appearance externally, the wood is ready to 
crumble into dust. According to Dr. Haller, seven-eighths 
of a fungus in full vegetation are completely aqueous. 
Decomposition may take place without fungus ^^’hcrc both 
timber and situation are always moist. 



30 


THE PRESERVATION OF WOOD 


According to V. Petrin (MiUheilnngcn iiher Gcgcnsidndc 
dcs Artillerie 'Und Gcnic-Wcscns, 1898, p. 79), sap-wood'is 
more liable to be attacked by dry-rot than heart-wood ; 
dry wood is found to offc'r a greater resistance than wet 
wood ; and timber from trees felled in winter is less 
liable to be attacked than that from trees felled in summer. 
Coniferous woods arc much more liable to be attacked by 
the fungus of dry-rot than the woods of leaf-bearing trees. 
Mr. Petrin strongly recommends, in all cases where timber 
is re(|uired for works of magnitude, a careful imiuiry into 
its origin, and the testing of doubtful wood by so treating 
samples as to force the growth of the dry-rot bacillus 
should it Ix' present. The fungus will become visible in 
from six to eight weeks under favourable conditions to its 
growth, but with chemuals this time may be reduced by 
half. Malenkovic. (ibid. i()oj, p. 1,095) is of the opinion 
that the dry-rot fungus may propagate itself either by 
mycelia or by spores, and, in o])j)osition to the opinions 
expressed l)y some mycologists, he holds that proj)agation 
by spores is incontestably the chief method by which the 
evil influence of dry-rot is spread. In this opinion lu' is 
confirmed by the fact that, whilst the myc'elia an' \ery 
sensitive, and liable to j)erish immediately when the sur- 
roundings are not exadly suitable to tlu'ir growth, on the 
contrary the spores are in no way affected by cold, light, 
currents of air, or the absence of moistunc and, moreover, 
are distributed by the wind, the agency of animals, etc., in 
ev'cry direction. To enable the mycelium to exist at all in 
living wood, the sap cells would first have to be destroyed, 
and, as the fungus has apparently not got the p(jwor to effect 
this, it is impossible for it to grow in the interior of a tree ; 
neither is it capable of existing on the exterior of the tree, 
as it is extremely susceptible of injury by currents of air. 
Mr. Malcnkovic’s researches have corroborated the above 
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reasons, and he attributes the existcnicc of a contrary 
opinion by some experts to ditficiilty of identification. I f 
wood infected with dry-rot be exposed for two or three 
weeks to currents of air whilst protected from rain, it will 
be found to contain no trace of the living mycelium. In 
an experiment made, wood, replaced in its original position 
after having been subjected to this treatment, showed no 
trace of the living fungus after the lapse of nine months. 
The presence of alkalies promoti'S th(' development of 
dry-rot, and the calcium bicarbonate Call 2 (CO 3) 2 
arising from th(‘ hydrate of lime in mortar is prob- 
ably the most important agimt in the developiiK'nt of 
the spores, whi('h is the reason why the wood nearest 
to the walls of buildings is always the first to be 
attacked. 

The prevention of dry-rot apparently resolves itself 
into means for solidifying or coagulating the albumen of 
the wood. The ('ffect of this process would be, liow('\’er, 
to harden the sap-wood, and thus to greatly augment the 
difficulty of working. 


llKFKCT OF DkV-ROT OX Hl-AI.Tll. 

It has been considered by many scientists that the 
presence of the dry-rot fungus in dwelling houses may be; 
injurious to tlu' health of the occupants. Hritteni states 
that “ When workmen are employed in buildings which 
contain dry-rot and when they are working on ground 
which contains the symptoms of this disease, their health 
is oftcn^affectcd.” In support of this opinion he quotes 
the statement of a builder that while building some houses 
at Hampstead his men were never well, and that he aftei- 
wards ascertained that the ground was affected with rot. 
This opinion is also expressed in a book entitled the Hand- 



THE PRESERVATION OE WOOD 

book of Hygiene (Pettenkofer and Zicmssi'ii), published 
in 1894. 

Resetirches and ex})eninents. however, eondiicted by 
Dr. Emil (iotsehlich {Zcilsclu'if! fiir Hygiene, 1895, p. 502) 
failed to demonstrate the truth of the a])ove statements. 
The dry-rot fungus would presumably be capable of oj )erat- 
ing injuriouslv u[)on men or animals in two ways, viz., by a 
toxic action of the mycelium, the spores, or the gaseous or 
other emanations ; or by tlu' j)arasitical existr-nce of the 
fungus in th(' body its(‘If. Xo ('ase of illness could be 
traced to the j)n'.M‘nce of tlu' fungus in st rough’ alfi'cled 
houses, nor was th(‘ presence of the fungus, subcutaneous 
injections of brown juice expr('SS(‘d from it, inhalation and 
injection of the spores, or the sup])lying of the mycelium 
as food, found to act injuriouslv to the health of whitt' 
mire, rabbits, guinya-pigs and dogs, or to (h iiioiist rate in 
the body or tissues tlie existence of the fungus propagatc'd 
by its spores. 

It is very diflicult to culti\ate the fungus aililicially. 
pieces of wood to which the fungus had ahi'ady attaclu'd 
itself naturally were therefon' chielly madi’ use of, and 
these were maintained at various temp(‘ratures from 
(5.4°F.) to 37°( . (98°E.). Whenever th(' tempi ratiin' 
approached 29‘''’r. (85*^1''.) to 35°('. (95°h'.) the fungus 
dried up and shrivi'lled awav. Dr. (iots(iihch therefoR' 
concludes that this fungus could not exist at blood 
heat. 

The precauti(jns against dry-rot are iiw. access of fri sli 
air, and avoiding contact between the wood and brick- 
work. Where this is impracticable recourse may be had 
to the use of antiseptics. W'hen dry-rot is once estab- 
lished, the best, in fact the only, remedy appears to be to 
subject the infected wood to a temperature fatal to th(‘ 
growth of the dry-rot fungus. . 
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J)hstructiox\ of Wood by jMarine Woiems, etc. 

A fertile .soiiiT(‘ of (Icstriictioii of timber, especially in 
tropical waters, is that by marine worms or sliipworms. 

Eight distinct species of teredines arc recognized. The 
three most destructive of tliese an^ the teredo bipenata, 
teredo fatalis, and the teredo navalis, all three of which are 
to be found in European waters as well as the ecpially des- 
tructive limnoria t(‘r('brans. In fact tlu’se ])ests are active 
in the waters of both warm and cold climates, although the 
more so in the former. 

The tcr('d() navalis is one of tlic acephalous molliisca, 
belonging to the ('lass lauicllihraiichiida of the order 
('ouchifera, and of th(' lamily of (he plioladarirT. The 
ten'do is di'scrifx'd by Eritton as Ixhig of an “ ('Ion- 
gated \’ermifonn sha|)e, the large anterior })art of which 
('onstitutes tlie boring api)arafiis, and T'ontainsthe organs 
of digcsti(.)n, and the posterior, gnulually diminishing in 
size, those of inspiration. I'he body is covered with a 
transparent skin, through which the m(hi(nn of the in- 
testines and other peculiariti(\s are plainly visible. The 
posterior or tail ]X)rti()n is arnu'd at its extremity with 
two shells, and has projecting from it a pair of tubular 
organs, through which the watcT enters, for the purpose of 
respiration ; this [)ortion is always in the direction of the 
surface, and apjiarently in immediate contact with the 
water, but does not bore. The anterior portion of the 
animal is that by which it ixmetrates the wood, being well 
aimed for the purpose by having on each side a pair of 
strong valves, formed of two pieces perfectly distinct 
from one another : tlie larger piece protects the sides and 
surface of the extremities, and has a shelly structure 
projecting from the interior, to which the muscles are 
attache 4 ; the t>maller [)iec(' is n^op' coiiyex, and covers 

P 
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that part which should be re^Mided as the anterior surface 
of boring. Tliis ])ortion of the shell is deeply carniated 
and seems to constitute the boring apparatus. The shells 
form an envelope around the external tegument of the 
animal, which even surrounds the foot or part by which 
it adheres to the wood. The neck is provided witii 
powerful muscles. The manner in which it appears to 
perforate the wood is by a rotary motion of the foot, ('ai ry- 
ing round the shells, and thus making those parts act as an 
auger, which is kept <»r ivtaiiu'd in connection with tlu' 
wo(xl by th(' strong adherence of the foot. The particles 
of wood removed by this ('ontinued ad ion of the foot and 
the \alves are engorged by the .mimal, for between tli*' 
junction of the (\V(i kirgc sliell> theo' is a longitudinal 
ti^sure in th(‘ foot, wliieh apjieam tn lx- formed by a fold <»f 
this portion of the two sides, thus forming a canal to the 
(jral 01 iti('cs, aiid along whii'h the ]x\rticles of wood bored 
out are conveyed to die mouth. The mouth, or cntranci' 
to the digestive organs, is of funnel shape, and ('onsists 
of a soft or membraneous Mirfaee capabK' of being en- 
larged, and leading into an (esoj)hagiis which passi's back- 
wards towards the dorsal surfai'e of the animal. At or 
near the termination of iIk* (e^oidiagus there is a glandular 
organ, the use of which is jx>s-.ibly to se<'rete a fluid for 
assisting in the digestion of the woixl,^ and not as has been 
supposed to act as a soh ent, for if such weo' the cas(', it 
would most probably Ix' situated at its commencement 
instead of at its termination. At a hliort distance behind 
this organ are two other large glandular bodies, the use of 
which may also be toseorete fluid for the purpose of diges- 
tion. The fcsophagus terminates in a large dilatation, 

‘ The more general opinion appears to be that the boring 
action of the teredo is a mechanical one, although some scientists 
hold it to be a chemical one effected by an acid secretion. 
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into which these organs pour their contents ; at its pos- 
terior end the canal is dilated into a very large elongated 
sac, which extends backwards to about one-fourth of the 
length of the whole animal, and is filled with food, while 
from its anterior, or upper surface, it has an oval, muscular 
formation, from which the alimentary canal is continued 
forwards, and, after making a few turns, passes backwards 
in an almost dired line, on the upper surface of the large 
sac, again ]>assing backwards and forwards, until it finally 
arrives at its termination, wliicli it peisses round, and then 
proceeds in a direct line to tlie anal outlet." By the aid 
of the miscroscope I'Xtiaiuely minute portions of woody 
libre ha\e been found in the (esophagus and in the sac. 
1'he worm lines the passage in the wood with a hardshell 
non-adherent to its body and s(‘creted by the (wternal 
covering. The teredo fits l(X)S('Iy \n this sliell, and the 
intermediate siiace is Hik'd with water, which serves for 
breathing and forms a current which expels excreted 
fretal matter. 

In the case of wood recent Iv attacked by the teredo 
navalis, the signs are scarce'ly \'isible on tlu' surface, and 
it is not until the destruction has |)roceeded to a con- 
siderable extent that it becomes obviously externally 
apparent. Meantime, howe\'er, the timber may be com- 
pletely honeycombed on the interior, the only external 
signs being a number of very minute perforations on the 
surface, usually covered and concealed with slime. The 
tail of the worm will be found in close proximity to one 
of these openings, and the head at the end of various 
turnings and twistings, in many cases over three feet 
therefrom. 

The teredo lays eggs which are washed against timber 
submerged in the water and to which they become 
attached, and as soon as hatched the worm immediately 
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commences boring, luidi individual is in itself capable 
of propagation. 

Three genera of molhiscan avood-borers, the pholas 
(piddock), teredo, and xylotrya, are mentioned by Dr. L. h'. 
Shackelld as infesting the waters round Beaufort, Carolina, 
U.S., the latter (xylotrya gouldi) being by far the most 
numerous. Dr. Shaekell gives the following characteristics 
of this borer : “ Xylotrya enters a piece of wood while still 
a very minute bivalve (aubryo. Onct' in tlu' wood, this em- 
bryo, which has hitherto grtaitly resembled a micros('()|)ic 
clam, now undergoes a remarkable metamorphosis- tlu' 
bivalve sliell becomes moditied to form the boring appara- 
tus, the surface being cowa’ed with row> of toothlik(' 
protuberances much like a rasj). The bodv of the borer 
becomes ('longated in j)roportion to its boring activity : 
but the ])osterior end alwavs remains at the site of original 
entry. From this posterior end projc'ct two sensiti\a' 
muscular tubes, the siphons, which serve not only for 
the circulation within the borer of sea-water with its 
suspended food materials, but also for th(' ('jc'ction of 
macerated wood ; for xylotrya swallows through a wide 
pharynx at the anterior end all tin; wood that it excavates, 
and this wood must pass through the alimentary ('anal 
before it can be ejected, riie oj>ening of tlu' shorter 
or inhalent siphon is fringt'd with a number of extremely 
sensitive tentacles. In xylotrya the long('r or exhalant 
siphon is not provided with tentacles. When iK're.ssary 
the siphons can be withdrawn into the burrow, and the 
hole at the surface of the wrjod plugged up with a pair 
of calcareous pallets.” 

Experiments were made to test the efficiency of varioiis 

^ " The comparative toxicity of coal tar crctisotc and creosote 
distillates and of individual constituents for the marine wood 
borer xylotrya,” American Wood ^Preservers’ AssociuEon, 1915. 



DESTRUCTION BY MARINE WORMS, ETC. 37 


constituents of coal-tar creosote in protecting piling. 
The experimental work was carried on at the Marine 
Biological Station of the U.S. Bureau of Fisheries, Beau- 
fort, North Carolina, from July 15 to September 15, 1914. 
The method of testing adopted was to carefully dissect 
before each experiment specimens of xylotrya from pine 
boards which had been exposed to the attacks of the 
borers for not more than five months, those chosen 
generally averaging an inch in length ; but where there 
was anv considend^le variation in size of a number of 
xylotrya, the latter w(‘re so distributed in different groups 
as to practically equalize any error due to this factor. It 
was eai ly noted that if specimens of xylotrya were placed 
in one of the creosote prc'parations, the most definite 
objective effect appeared in the siphons. The latter 
first became insensitive at one or both tips. This was 
followed by a very peculiar blistering and softening of 
the tips. The furtlua* extension of this degenerative 
process dcqiended upon the length of time that tlie xylotrya 
were.' in the poison, running often fairly sharply over the 
distal half of each siplion, or over the entire length of the 
siphons, or even in exceptional cases over the mantle or 
body cove'i'ing, of which tlu' siphons are specialized out- 
growths. Observation, moreover, showed that when the 
siphons in a givc'ii specimen were degenerated to any 
marked degree, the animal itself died within a few hours. 
This degeneration being the most consistent and accurately 
observable phenomenon associated with the action of 
the creosote preparations, was made the basis of com- 
parison in the determination of their relative toxic values. 
The following is a summary of the results of the numerous 
tests made by Dr. Shackell : “ (i) The toxicity of creosote 
fractions diminishes with rise of boiling point ; the toxicity 
of creosote itself lies between that of the lowest and highest 
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boiling fractions. (2) The loss of volatile constituents 
reduces the toxicity of creosote and of its fractions. (3) 
The light oils of creosote are very toxic even in the ex- 
tremely slight proportions in which they are soluble in 
sea-water. (4) Napthahaie and anthraccMU' art' ])ractically 
noil-toxic for xvlotrya. (5) The tar acids are extremely 
toxic for xvlotrya, alphana|)lith(»l being many times 
more poisonous than phenol.” 

-Mr. E. S. Christian^ says that he has fr(‘(|uently seen 
specimens of xvlotrya and other teredo 3, ft. in length 
and 5 of an inch in diameter, although the mort' destructive' 
borer is much smaller and bv far more numerous, lb* 
mentions that timber, in a pier just below the mouth of 
the James river, tn'ated with 12 lb. of (h'ad oil of tar per 
cubic fool with>tood the attacks of marine borers for 
thirty-two years whibt timber not creosoted was destroyed 
in the same water in two years. 'I'liis writer also mentions 
that tliree sections were taken from a ('O'osoted pile 
between the high water and the mud lines and sent to 
three chemists to determiiK.* the (|uantity and which 
fractions of the oil n'lnained, and that it was found that 
after thirty year>’ service then* remained lo s of tlu' 
original 12 lb. of oil. and that of this (juantity 35 j)er cent, 
was naphthalene. The specification of thc' oil used for 
impregnation was as follows ; “ It must be distilU'd from 
the coal tar derived from Newcastle (oal, and must be 
of a greenish va'How colour when lujiu'fu'd. It shall not 
contain any water. Not over .S pea* cent, of tar acids. 
Not less than f)0 per cent, of naphthaleiK'. Not less 
than 20 per cent, of anthract'ne and anthracene oil. 
N(;t less than 3 per cent, shall n'liiain in the flask after 
it has been heated to a temperature of p2o^'(h (f)o8°F.).'' 

^ “Destruction of timbfT bv niaiiue borers,’’ American 
Wood Preservers’ Association, January, 1013. 
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Mr. ('hristian states that during liis thirty-two years' 
experience in the handling of creosoted timber lie does 
not know of a single instance of failure provided the 
necessary quantity of oil of standard quality was injected 
into the timber. 

Mr. A. Tv. Howard, writing on "African Mahogany” 
{'Tiinher Tnidcs Journal, idarch 28, 1914), mentions a 
t(‘i ( (lo worm 22 ins. in kmgth by upwards of J in. in girth 
found in one of the logs from ('ape Lojh'/. Tliis authority 
states that tliett'nalo bores at the rate of more than one 
inch jier hour, and lu' instances as a jiroof of the activity 
of these worms that a board (1 ft. long liy 20 ins. wide was 
found to 1)(' jH'rforatod by mon' than seventy holes, 

A worm \'(U'v d('Strut'ti\ c to timber sulimerged in sea 
wat('r in tlu' Ikist Indies is the lepisma. At Charleston, 
TJ.S., the spliaeroma is found to attack in conjunction 
with tlu' limnoria and xylotrya. . 

Tlu' limnoria terebrans, a mollusc of the leach (asselotes) 
family, known as the gribble, is jilentiful in Hritish 
waters, and is extremelv destructiv(‘ to woodwork 
under water. This cruslac('an is V('ry small in siz(', 
boing only about i in. in length, and sonu-vhat resembles 
tlio woodlousi'. 1'h(* grilil)l(‘ attac'ks timber below 
water in \ast hordes and in a comparatix (,'ly short space 
ot tinu' ('ompletely hoiu'vcombs the surface' of the wood 
with hok's alioiit diamete'r. Soft wood is 

jireferred by this pest, but it is (juitc able to operate upon 
the hardest, teak and gn'enheart being reputed the only 
woods immune to its attacks. The limnoria is supposed by 
some to bore wood by means of a kind of dissolvent liquor 
produced from its own juices, but at least one authority 
considers that it uses its mandibles for the purpose. 

The limnoria operating in jnire salt water is capable of 
perforating wood at the rate of about J in. per month. 
The animal cannot live in fresh water. The female is 
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about threo times the size of the mah', and possesses a 
pouch in which first the eggs and afterwards the young — 
generally about seven — are carrii'd. 

The clu'lura terebrans or wood-boring shriiu}) is another 
crustacean almost as deslriK'tivi' to wood as the teredo. 
This animal bores holes or tunnels in tlu; wood in an 
oblupu' direction and very near the surfaci', tlu* thin walls 
becoming soon broken awav, when it constructs a Irish 
one, and soon, so that a ra})id di'struetion of the wood is 
thus effected. I'he boring is performed b\’ a kind of 
rasp with whiih the animal i> pro\'ided ; Jlatteiied appen- 
dages at the tail ser\'e for the pur])ose of clearing the bore- 
hole of the powdered wood. The chelura swims on its 
back and clings to the wood, into which it bores with the 
legs proceeding from thi* thorax. IMaced on dry land, it is 
capable of jumping to a considerable blight. 

Many years ago tlje chelura was found to have been 
very injurious to the piles in the harbour of Kingstown, 
and in a very interesting ])a])er read before the Institution 
of Civil lengineers in Ireland in by Mr. Mullins, a 
description of tlu' chelura and its nivages is givi'ii. 

The marte^ia striata is a variety of borer well known 
in trojiical waters and attacking the tro|)i('al hardwoods. 
This animal is said to ha\'e lately made its appeaianci' 
in tlie snl)-tropical waters of the (mlf of Mexiio. 

Woods which ki:sisi Si..\wok‘ms. 

Britton. 

Australia, Western. — Jarrah, beef-wood, tuart. 

Bahama. 

Brazil. Sicu])ira, greenheart. 

British (Aiiana.- Cabacalli, greenheart, kakarilly, sih er- 
balli (yellow). 

CTy/e/z. -Ilahnalille, palmyra, thect-kha, neem. 
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Denierara. — Bullet, greenheart (purple heartwood), 
sabicu. 

— J\lalabar teak, sissoo, morung sal, dabu, than- 
kya, ilupe, anan, angcli, may-tobek (teak resists the 
teredo, but is not proof against barnacles). 

Ja 7 naica. — (iieenheart. 

North A }ncrica. — Locust. 

Sierra Leone . — African oak, or tortosa. 

South America . — Santa Maria wood. 

Philippine Islands. — IMalacintud, barnaba, palrnabrava. 

7 \is nia n i a . — Blue gum . 

IlVs/ Lignum \-it;e. 

Thci turpentine tree of Australia and the sneeze wood^of 
Cap(i Colony are also said to be proof against the shipworm. 

The preceding list mentions jarrah as being one of the 
woods supposed to offer more or less*resistancc to the 
action of marine worms, and the experience of several 
engineers has demonstrated that it is certainly superior 
for sea-work to karri. 

Jt may here be observed that jarrah and karri woods arc 
so similar in appearance that it is almost impossible to dis- 
tinguish the one from the other by sight, and it is said that 
the only way to make sure of their identity is to burn small 
])ieces, jarrah vielding a black ash and karri a white one. 

With regard to the ability of jarrah to resist the action 
of the teredo or shi])worm, Mr. W. Matthews (Proceedings 
Inst. C.E., Vol. exxv, pp. 264-5) states that the experience 
of his firm has been that there was no timber and no 
preservative that was proof against the ravages of this 
worm in some tropical waters. He also mentions that 
in the case of a temporary jetty put up by him to land 
materials for the works at Colombo, and constructed of 
Baltic hr creosoted with 12 lbs. to 14 lbs. of oil per cubic 
foot, it was completely riddled with teredo in two years, 
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and had to be 
rebuilt. -That 
creosote was not a 
p r e \' e n t a t i \’ v 
where the worm 
was \'ery aeti\-e 
he considt'is to 
havi' be('n pro\-ed 
by tlu‘ fact that in 
many of the IkiIcs, 
in some ol which 
the fiiiei'r ('ould 
be j)ut in and 
turned round, 


('reos(de ('f)uld be smelt. 

Sirfiuilford MoKsworth (ibid. 
.Matthews says witl^ ny^ard to 
the action of the tenahe Ih* 
had put down some jarrah in a 
temporarv jetty at Colombo, 
and found that in les> than two 
years it was thorom^hlv honev- 
comb(‘d. In some localities 
jarrah mi^ht, he IhoiiL^ht, be 
ca])able of withslaiidin/^ that 
insect, where its action was less 
acti\'e, such as {)Ossibly on the 
coast of Au^tralia. Dr. lb I.. 
Corthell (ibid. ]>. 27 ;) says that 
the j)resence of fresh water, 
specially muddy water, in sedi- 
ment bearing rivers of the (iiilf 
of M(*xico, made the ravages of 
the teredo imicli less than at 


]■>. 272) c()n(irms what Mr. 



I'i<i. (>. — Section of untreated 
oak pile, sh(jwin|.( the 
r.ivjii'cs caused by th(r 
tt'redo na\alis after two 
y<-ars’ servii e. 



DIiSTRUCTlON BY MARINK WORMS, BTC. 43 


points where sncli conditions did not exist ; and at sncli 
('xposed ])oints a eliaii^e of 16 to i(S lbs. of creosote per 



I'k;. 7. — Section of untreated oak pile after about three years’ service 
ill tlie water near the mouth of the Aascayoula river. 


cubic foot liad been found ^t^encrally snlhcient to extend 
tlie ]if<' of llio timber from about two years to an a\*eraj^a" 
of fifteen years. 
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Mr. Howard F. WViss, in an article entitled ''A Teredo- 
Proof Wood ” (E)r^. Ni'h's, X(‘w York, February 5, I()i4), 
states that the Australian turpentine tree, syncarpia 
laHrifolia, is considered by the authorities of New vSouth 
Wales as being the only timber that they dare drive 
unsheathed in shipworm-infected water, ft is, however, 
mentioned that it is always specified th^t piles of this 
species of timber must be driven with the bark on. 4 'he 



IO(-. 8 Olu k of iintn utcd popl.ir uood aftn ( xpo.sm'c iti 
terf-do a.der for al)t)iit our v.ir, 

opinions of sjiecial government investigators who were 
employed to determine the valiu' of the turpentine trei' 
for tlie above jnirpo.se are ciiioted by the author. 

Figs. 5 and 0 (Allis-Chalmers ('omj)any Bulletin No. 
1,439) and idg. 7 {Business Mans Ma<fazinc) show sec- 
tions of untreated oak jiiles destroyinl by the ravages of 
the teredo navalis, fig. 6 after only two years’ service and 
tig. 7 after hang about threi' years in the water near the 
mouth of the Aascagoiila riv(;r. Some of the holes in 
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this section arc three-quarters of an inch in diameter. 
Pig. 8 shows a block of untreated poplar wood which has 
been exposed in teredo water for about one year. The 
teredo usually, but not invariably, bores in the direction 
of the grain of llu' wood. 


DjiSTRucnox oj-’ Wood by Ants. 

1 hree species of that order of ant known as hynienop- 
tera are said to destroy wcjod, viz., the formica fiiliginosa, 
the formica fusca, and the formica Hava. The first 
of these, ('ommonly ciiWcd tlu' black carpenter ant, prefer- 
ably attacks hard and tough woods. The second and 
third, known n'S])ecli\i‘ly as the dusky ant and tlie 
yellow ant, usually seleit soft woods. 

I he termite or white ant, a family of insects belonging 
to the order Nciiroplcra (Scorpion fhes,*etc.), comprises 
numerous species all o[ whi('h an' iiUensely dcstructi\’c 
to wood in most ('ountries within the tropics. The 
termite will bore into a piece' of wood and destroy 
everything except a shell not thicker than a sheet of 
brown pa|)er, whilst ('xternally the wood appears to be 
in perfect I'ondition. This o|)eration they will })erform 
on the roof timbers and otlu-r woodwork in hoirses, furni- 
ture, etc. The popular name of a'/uVe aut is derived from 
the fact that the insects Yivc together in vast colonies, and 
in a number of their habits greatly resemble true ants. 

Iwo species of white ants only are known to exist 
in Pbirope, the iciines liicifugus. and the termes rucifollis. 
These arc quite as destructive, however, as their tropical 
brethren, the first having a preference for oak and fir, 
whilst the second prefers olive and similar woods. 

The termite or white ant is an insect which reproduces 
>vith extraordinary rapidity, and which grows exceedingly 
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fast. W'hite ants will attack wood used for any purpose^ 
and in a short time wood so at tackl'd will absolutely 
teem with the ])est, with most destrudise results. In 
India the white ant is a source of destruction which in 
the casi' of railway sk'cpers, telei^raph poles, etc., demands 
serious noti('(‘. and then', and in otlu'r countries where 
this insect is found, Ix'ams. joists, lloor-boards, posts, 
i;ates, fencing, furnitun', in fact all forms of woodwork, 
are liabk' to their undesirable and injurious attention. 

Sonu' \\()od^ aie by luitun' immune from the attacks 
of these inseets. >ueh a wexxl is (he se|H‘ of th(' W'l'St 
Indies, which i> li.eht, i‘e>emblin,e the Ibi^^lish elm, and 
i> impref^nati'd with a bitter ))i'inciple which protects it. 
I'hi' maj'irity of W(»od^ <niplo\-ed, howcxfi’, must be 
artiticially prote( ted from tlie r<l\•aI4('^ of the white ant 
by impre.enation with some Miitable antiseptic sucli as 
creosote. .\ lari^e number of patent and proprietary 
preseryative pre{>ayation'> are abo claimed to be effectiye 
deterrents, and for woodwork ])la(cd in situations where 
till' smell of ('re(.^(jie or soiik' of th(' other preservatives 
would be found ol)j('etionable, se\eial of the abo\'e eould 
be ad\'anta,t,a‘ously employed. 

The nal ant of liatavia is likewise xcry destructiyc to 
wood. This ant contains formic acid and a |)eculiar 
resinous oil. 

The followiuft table ,eives a list of woods said to be 
capable of resist iiif; for a. lonit tiuK*, in some cases alto- 
gether, the attac'ks of termites or white ants. 


A N T- J< 1 : S I S T I N G \ V’0( ) D S . 

Britton, Etc, 

/lwmra.--I>utternut, pitch pine, {Pitch pine is some- 
times attacked.) 
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A usli'al ia, W ester arrah. 

Borneo. — -Bilian. 

Brazil.- The sicupira, assii, siciipira ineiriiii or vevda- 
elciro, sicupira scari, oiticira, gararoba, pao saiilo, 
sapiicaia, pao fc'rro, and imberiba, resist the white ant, 
except in the sa])-wood. Tlu' angelim ainargozo, araroba, 
pitia, cocao bordao de v(‘lha, anieira de sertao, parshiba, 
cedro, louro cheiroso, and loiiroti, resist th(‘ white ant, 
('ven in tlu' sa|)-wood. 

Cape Colony. — Snet'Ze wood. 

Ceylon.— hd)onv. ironwood, palmyra, jack, gal-mendora, 
paloo, cohaiiibe. 

Deinei'di'o.- ( iieeiilu'ail. 

CuiLiua, British. Deteinia, cabacalli, kakatilly. 

India . — ( edar, sal, iieem, kara marda, sandal, erul, 
mix vomica, thetgan, teak. (Ants will bore through teak 
to get at vellow pine.) * 

Indies, A'est.- Ihillet wchhI, ligiium \-ita‘, quassia 
wood. 

Pernanihneo [Brazil ). — Macaranduba (reel), barubu 

(puiqile), mangabe\ia de viado. 

Philippine Islands.- — Molave, panao. 

Tasmania.- Hmm [)ine. 

'Trinidad. — Se})e. 


Till-: CakpkntivK Bee. 

The carpenter bee is found in the northern part of 
the island of (a'ylon ; in the southern portion the bee is 
absent, but a small beetle {I.on'^ieorncs or coconut beetle) 
and the porcu])ine are both destructive to timber, prin- 
cipally to the young palm trees. The carpenter bee is 
also present in France and in North America, etc. 

The carpenter bee is a genus of insect belonging to the 
same order as the houoyhoojrxmenoptera, of which there 
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are niinierous species, none of which have, liowever, as 
yet been found on the Britisli Islands. 

The carpenter be(' bores hok's in timber to a depth 
of several inches, using his mandibles for the purpose, 
with the object of forming a nest in which to de])()sit 
('ggs, each of which is placc'd in a cell formed by a i)artition 
made of sawdust agglntinatc'd by tlie bee. 

P)ia; ri.i:s. 

Household furniture in this coimtr\' is liabH to be 
destroyed by the attacks to se\'eral sp('cies of bei'tk's 
Professor Westwood mention> thri'e belonging to the 
family of Ptinidcv, whi('hare known nndei- the sy^tematii' 
naiiK's of Ptiluiiis pccfniiconiis, Aunbiu))!. sfriiilinii, and 
A nobiiim fcssellatiim. 

In the perfect ‘state, the itiM-cls of tli<' genus Aiiobiit)}!. 
are well known ni^rk r the name of ihv “ deathwatch.” 
This insect is most injurious in libraries, tlie grub burrow- 
ing through entin' volumes, k'eding upon the pa])er, more 
espradally the pasted backs of books. 

Thes(' beetles are of small siz(‘ and cylindrical in 
ff)rm. 1 hey are jaartial to old wood, and ('apabk' of 
making a complete wreck of old wooden furniture, 
carvings, etc. The only remedy })ossible is saturation 
with some obnoxious tinid. Strong infusion of colocynth 
and (jiiassia, spirits of turpentine, juice of green walnuts, 
pyroligneous acid, are amongst the pn'ventatives recom- 
mended. About the best remedy appears to be corrosive 
sublimate dissolved in spirits of wine. In the case of 
books, fumigation may be resorted to. 



CHAPTER III 

Seasoning or Drying Wood. 

‘I'V''' I'rying-^Walor Soaso.nns- -S«,son. 

I >.wn„ or So,as<n„„g by Positive Air Circnlation-Drv 

iie- broxv'c :■ D 'drying or Season': 

- «^r bca.soinnf^ by Smoke- Dryiii'^ or 

bv pi;;';fi.. I ^7-'-;''bV;n.arring-Dry.„g or ScSi,;; 

rr ' t "t "" Strength of Wood-.:. 

l-h<et of Moisture on tlic SIrengtl, of Wood. 

'^IIE objei t of seasoning wood is lo ‘effect file e.xpul- 

in it -fr^' f'n- "" 'vliich is left 

.iftei felling, winch would otherwise be liable as 

More nienfioiwd, to putrefy and cause decay The 
nioisture ,-,,ntent of wootl before subjeefing it to proser- 
v.itfve tr.-afnient should be reduced to not more than 

wei.^t ha "^' rf '7'" ^ 

1 , .SIS. One le.sult of seasoning wood is a reduction 
weight. Accor, ling (o Trclgold timber is seasoned 
li 'iiit has lost <m..-i,fth of its original weight, and is then 
oi ( ai ixuiteis work and ordinary uses, and is dry and 
sj.tade for joiners' work and framing when the loss of 
weight reaches one-third. The nature of the wood and 
^ condition before seasoning must, however, govern 
t ic exact loss of weight during the seasoning process 

soUulr?""ft""‘ ■"t'* <i‘''ber should be well 

seasoned ; after conversion it should be left as lone as 
practicabk: so as t„ admit of the seasoning boii^g L" 
ne on as ai as jinssible before being painted or coated 

K 
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with other protective composition, or subjected to any 
preser \’ at i vc treatment. 

During tlu' process of seasoning or drying wood tlicre 
is a shrinkag(‘ in its volume, which usually commences 
as soon as a considerable amount of the water has been 
evaporated. 'I'he shrinkage is nearly twice as great 
tangentially as radiallw The longitudinal shrinkage 
is so small that it may practi('ally bi‘ disregarded. 

N.vri K.M. OR Aik Si:.\s<)M.\a.. 

Droadly. natural or air seasoning is eHeded by so 
stacking the limbi'r that tlu' air has irei’ access to circu- 
late' round eac'h individual |)ic'ee, whilst |)rot('c1c'd irom 
the' damp rising from the ground l)y means of Itearers, 
and from the rain. >nn, draughts, and high winds, by a 
roof. It should he* lx erne in mind that the gnat desic.lera- 
tum is to c'lfc'ct a-^rc'gular drying of the* timber, as any 
irregularitv will result in splitting. The vard where' 
the' timber is staekc'd should be; in the' opc'ii and so situ- 
ated that tlu' ])r('vailing winds will strike' it frc'c'ly. It 
should not bc^ locaitc'd lU'ar any large Ixxly ol water, or 
in a low and humid situation, and should be well drainc'd 
and pre ferably bc' pavc'd ; in any ease*, howe ver, it shouUl 
be' entirely frc'e' fre^m xegetation. I he l)e'an'rs should be' 
at least a feeot in height from the ground level, should be- 
thoroughlv dam[)-pre)of, and be' laid jeerfeetly Ic've'l and 
out of winding. Th<' latte'r is me)^t imi)e)rtant to preve'iit 
the- timber from being given a lasting twist. A [)e‘rma- 
neiit roejf is desirable'^ but where this dexs not e.xist, e'ach 
timbc'r sta< k maybe provided with a tenipeerary roof. 

It is gcne'rally advisable to re'iueeve' all outen* bark before 
seaseming, anelalse) as much of the' inne'r bark as practic- 
able. Xo stri])s of bark more than nnv inch in width and 
about six inches in length should in any case be' left on. 
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Logs are preferably stacked with their butts outwards, 
and the inner ends may be slightly raised so as to facilitate 
their removal, and packing pieces should be inserted 
between the tiers of logs, 
so that by removing these 
packing pieces the nunoval 
of any desired log can b(' 
effected. 

It is a usual plan lo lay 
l:)oards ilat with pieces of 
dry wood about i in. x 
in. between them, and 
should any of the boar(L 
show any inclination to 
warp, they should be so 
lixed or weighted down as to render it impossible for 
them (o start twisting. ILiards aie. however, often 
stacked \'ertically, or at a steep incline, and another 
method is to place tluan on (‘dge in a dry, cool shed fitted 
up with horizontal beams and x’ca'tically arranged iron 

bars, which latter ser\'(' 
to jH'event the boards 
from tilting over. 

'I'he storage of lumber 
naturally must largely de- 
pend on the arrangement 
of plant and the method 
of stacking or piling the 
timber. According to 
American practice, the 
best yards are laid out 
so that the length is about four to five times the 
width, and the tracks from 50 ft. to 65 ft. from centre 
to centre. A very convenient form of piling or stack- 



Fig, ig. — O pen crib method of 
piling or .stacking sleepers. 



l iG. 0. — Coiu'enient method of 
piling or stacking sleepers 
with roof. 
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ing tics or sleepers is shown in fig. 9. Two sleepers 
are first laid on the ground to act as sills, neo;t a 
row is placed crosswise on the top of these at equal 
distance apart. This can be continued upward as 
shown, the uppermost row of sleepers being arranged 
slanting so as to form a roof and throw off tlie rain. 
The pile or stack so arranged permits of a good air circula- 
tion and is convenient for handling. Fig. 10 shows 
what is known in the U.S. as an open-crib pile. 



I'lG. 1 1 - I )ia,i.(ram showin^jf in ainl side rl(.‘v;it ion one section of 

stacks of tics or sharpers pilc<l rC, p. 


big. IT sfiows a section of piles, stacks of ties or sleepers 
piled ifixO, making ninety-six piles of ninety-nine each, 
which is ((jual to 9,504 sleepers per section. Each 
section laapiires a space of f)5ft. from centre to centre of 
the tracks, by 143 ft. in length, which is equal to *67 
square feet of land ptT tie or sleeper. 

According to data given by the Allis-Chaliners Com- 
pany, to whom the author is indebted for the above 
illustrations, when estimating on total yardage required 
for buildings, loading platform, tracks, etc., it is safe 
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to allow about i’57 square feet of land for each tie or 
sleeper that is air seasoned. In the piling of lumber 
24-27 ties should be allowed for each i.ooo feet of 
lumber. 

The piling or stacking of any wood must depend upon 
climatic conditions : for instance, in very hot, dry 
climates tli(' piles of ties or lumber should be arranged to 
prevent warping. In warm, humid atmosplui'es where 
the rainfall is heavy, tlu' })il<'s should be arranged to shed 
or llirow off water. 

During natural, or air, seasoning timber should be 
turned at intervals so as to secure the same amount of 
drying all round the balks. The length of time required 
varies according to the size of tlic timber, the nature of 
the wood, and to the condition in which it was before 
commencing tlie seasoning ojH ratioii. *Air seasoning is 
also largely dependent on climatic* conditions. The 
a|)pro.ximate time reejuired for seasoning timber when 
l>rotected from wind and weather is given by Laslett 
as follo\N's - 


Piecc.s 2^ in. sq. and upwards require about . 

Oak. 

Months. 

26 

l-'ir. 

Moutlis, 

13 

,, utuier 24 in. to 20 in. require about . 

22 

I I 

,, 20 lO 

18 

0 

i() 12 


7 

H „ „ 

10 

5 

8 4 ,. 

6 

3 


The time taken by planks will be from one-half to two- 
thirds of the time given above in accordance with their 
thickness. It is undesirable to keep timber much longer 
than the periods mentioned, as if this be done the line 
shakes which show upon the surface in seasoning will 
open out deeper and wider, and may even render the 
logs unht for conversion. 
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In the open, the time required for air seasoning will 
be two-sevenths longer than under cover. 

REPORT COVERIXr. TESTS FOR AIR-SEASONIN(; 

(>" X 8" X 8' RED OAK TIES 
MADISON, ILL. 1 T:britaky to December, ioi.| (in pounds). 
(T. B. Mosks, Proc. Amer. Wood Preservers' Associot io)i , 1915.) 


Tie 

No. 

; rvi). ' 

Mor. 

. 1 

.\pril.l 

i 

.May.' 

J ime.j 


1 

Aug. 

Sept. 

' Oct. 

i 

Xov. 

Deo. 

I 

200 

195 

190 ! 

182 

17-5 

o.)8 


T()() 

•<>.1 

1 05 

•73 

J 

103 

190 

187! 

178 

OH) 

•O.I 

•57 

0)2 

, L58 

0)2 

170 


l()() 

130 

158: 

L 3 ‘> 

I It 

•-I 7 

I. LI 

LL 5 


•35 


1 

f/- 

0)8 

u >3 i 

i 5 () 

•47 

141 

LL> 

142 

= >38 

130 

1.50 

5 

170 

. I0</ 

0>4 1 

L 53 

i.|8 

• l-i 

•■17 ! 

141 

130 

140 

r 4 '> 

() 

.8., 

178 

172 i 

102 

• .53 

• 17 

•4.1 ; 

•45 

•43 

145 , 

•33 

7 

I to 

i-t -5 

M' 

Lt 3 

•-3 

1 1<> 

111 

1 18 

• •5 

I ID i 

•-3 

8 

L 55 

' 8^ 

i.p. 

»37 

i.^'> 


1 18 

i-M 

10) 

122 : 

129 


Note. — All these p('s\vere grei'ii Eebnuiry o, ;in(l it will be 
seen Inun the table n'ached thcar low point on August 0, after 
six months’ air seasoning. 

According to a rc[)ort made by a committiH' of the 
"American Wood PreservtTs’ Association" at a recent 
meeting (iqi3) the following periods an* retjuin'd for air 
seasoning : " Hardwood track ties sliould b(‘ given a 
minimum of eight months’ S(‘asoning, and .should prefer- 
ably be seasoned twc'lve months; yellow })ine, if 
seasoned in tlie south, four to six months ; hemlock, 
tamarack, and jack pine twelve months. Ov’cr-seasoning 
may prove detrimental with some species. Practically 
all woods can be air seasoned, except in low humid 
locations. Hum is an exception, unless air seasoned 
under favourable conditions. Botli gum and beech 
should be seasoned only in very open piles, and watched 
carefully for dry-rot. ‘ Bluing ’ of sap- pine during 
seasoning is not necessarily an indication of decay. 
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A determination of whether wood is suificicntly air 
seasoned for efficient treatment may be based on moisture 
extraction from borings which should show an average of 
not over 20 per cent, moisture in relation to the oven 
dry weight of the w’ood ; or if the above moisture detei - 
mination cannot be made, season to a constant weight. 
Consideration may be given to a new Troemroid Scalo- 
meter device for determining the moisture content of 
wood. In some cases it is advisable to make local ex- 
periments to determine the weights at which timber 
treats best.” 

According to Win. A. Fisher,’ engineer to the Atlantic 
Coast Line, llie practice of that company is to conduct 
seasoning tests by weighing until a constant weight is 
reached. It has been found that all heart long-leaf pine, 
short-leaf and loblolly piiu' (minimum .of 3 in. of heart- 
wood on each ()-inch face) ti('s, take about four months 
to season. All cross-ties are stackecl in the yard in the 
(S X I fashion, 100 ties to the stack. Sap- pine switch 
ties are also found to take four months, and losses of from 
14 to 19 lb. per tie in the lirst two or three weeks are 
(piite common. 

The following are the shrinkages in dimensions caused 


bv seasoning for the woods given : 

Iiiclu'S 

Ilirhe, 

American white ]niie 

I ’ 

to III 

Canadian ( ed.ir .... 

• M 

.. cU 

h:im 

1 1 


Northern pitcli ])ine. . . . k 

) 10 

.. 9 j 

,, yellow ])iiu' 

. kS 

>' 1 7 s 

Oak (Britisli) 

1 2 

.. m;;* 

Spruce ...... 

. S.\ 


Southern pitcli pine 

. i 8 l 

„ iSi 


Proceedifi^s American Preservers' Association, 1915. 
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COMPAHATIVK WEIGHT 01' ('.KKliN AND SEASONED WoOD. 


Weight C’iil>ic I 'oot, 
(iM'i-M. ; • SiMm)I1C(1 



lb. 

oz. lb. 

oz. 

Ash 


.•{ . 5 '^ 

0 

Deecli ..... 

(><> 

0 33 

() 

Cedar 

a- 

0 jS 

3 

Oak ilhitisli) .... 

7 1 

10 .j ( 

.S 

Idne (American) 

M 

IJ so 

0 

Riga fir . 


.vs 

s 

Loss oi' Wl-K.lll Dl'l 

: 10 ^ 

^IVt-ONI.Ni. 



American velli'w i»in(‘ 


111 j 7 pm < cut. 


I'.lm 
LarcJi 
Mahogany 
Oak (^Hritish) 
Ked pine 


llinlll |i) 

o 1.1 j.s 


Wati.k Siy\^oNiN(.. 

In rasi-^ wlu-n- tiiin- i> warning for the gi'adual or 
siow dn’i/]g of tiiubc!' hv exposure to the air. w.iter 
suasoniiig^ may be resorted to, and it is under these' (ondi’ 
lions coiisideD'd })\' many to be the most advantageous 
metliod to (‘inplov, more (‘specially tor sa])p)V wood. 

The sap in wood is of greater density tJian jmre w.ifer, 
owing to th<‘ various matters whieli it holds in susjeeiision. 
The sa}) is, moreover, vneh^sed in hbns or chaniK'ls 
whieli are' jx-rmcable at the ends. If the w’atc'r in which 
the wood is immersed is flowing or even ( hanging periodi- 
cally, the water will expel th(i sap and will in a certain 
time occupy a large portion, if not the whole, of the 
place formerly occupied by this sap, which will have 
taken with it the fermenting [ndneipk; with which it is 
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charged. It follows from this that timber subjected to 
water seasoning should be much less susceptible of fermen- 
tation than that which has been dried by air seasoning 
only. Pure water, moreover, is much more quickly 
and easily evaporated than that charged with certain 
principles, consecjuently steep('(l timber will dry in k'ss 
lime than tlu; other. 

It should be observed that timber which is subjected 
to immersion in cither cold or hot water is liable to 
the substance of the wood becoming dissolved, and will 
consequently be lighter. Wood that has been treated 
by water seasoning, even when most carefully carried 
out, is after the dissolution of a certain soluble part by 
the water, and it has been subsequently dried, said to 
become brittle'. It is, howi'ver, very durable. 

To effect the seasoning of timber by*vater, it is totally 
imine'rsi'd and held down by chains, directly after being 
felk'd. 'file timber is kept under water for about fourteen 
days, by wfiich time tlu' greater portion of the sap is 
was] led out ; it is tluai removed and dried under free 
access of air, being turned daily. 

It is essential in water seasoning that the timber should 
be complet('ly submerged, as otherwise, where only 
partially coven'd, injury will occur along the water-line. 
Care should also be lak('n that timber treated in this 
manner Ix' coinpk'tely dried before being used. If the 
timber be cut up and used Ix'fore it is thoroughly dried,. it 
will shortly be attac'ked by dry-rot. 

Water-seasoned timber is not so liable to warp and 
crack iis when air seasoned, but it becomes, as already 
mentioned, brittle, and unsuitable for use wiiere strength 
and elasticity are essential. 

Seasoning by immersion in salt water renders wood 
harder, heavier, and more durable ; there is, however, 
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alwa}^ a tendency in wood so treated to reabsorb moisture, 
which renders it unlit for general building purposis. 

The use of boiling water hastens the si'asoning pro('ess, 
and timber treated in this manner does not shrink so 
much, but its strength and elasticity is decreased, and 
the operation is an expensive one. the tim(' oex'upied 
depends upon the dimensions and on the density of the 
timber, and upon various other circumstance's. A rule 
given is to allow one hour for each inch in thickness. 

SK.ASOXIXf, liV Ste.\mix(,. 

Much the same effect is produced by st('aming the 
timber as results from immersion in hot water, the 
wood, ho\V('\-er, being said to dry more (|uickly. P^olh 
the b(jiling and steaming processes undoubtedly tc'iid to 
n'lnove the ferment Sj)ores, and an' held bv some expe'rls 
to prevent the woocf from being attacked by dry-rot. 

An early ('xperimenter in the seasoning of wood b\’ 
steaming wa.'i a (lermaii chemist nam(?d Nc'wmann, and 
a method of seasoning wood by tlie extraction of tlu' saj) 
was the siibj<'ct of a patent obtained by j. S. Laiigton as 
long ago as 1825. H consists ('ssentially in placing tlu* 
timber in \ertical iron cylinders standing in a cistern 
partly full of water. 'J'he cylinders are then ( losi'd 
at their ui)per ends, and the water in tlu' cistern being 
heated the steam is us('d to form a partial vacuum. 

I he sap in the wo(xl being in this maniuT relieved from 
atmospheric pressure, oozes or sweats from the wood, 
and, becoming va|)orized, is carried away through a pipe 
provided for that purj)ose. dhc time required to carry 
out the operation of effecting the entire extraction of the 
sap is about ten weeks. This process has how practically 
gone out of use. 
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In a report to the American Wood Preservers’ Associa- 
tion, made in 1914, it is stated that a certain manu- 
facturing concern has for several years been exploiting a 
process for the steaming of timber and other forms of 
wood, preliminary to kiln drying or air seasoning. The 
apparatus consists of a steel cylinder, six to ten feet in 
diameter, permanently closed at one end and litted at 
the other (aid with a (quick opening and closing door. 
The cylind(‘r may be any length desired. The manu- 
facturers of the apparatus claim, among other things, 
that the employment of steam under pressure on lumber, 
grc'en from the saw, renders the lumber susceptible of 
thorough kiln drying in an ordinary kiln, or air drying 
in the o\wu, in one-third l(‘ss time than ordinarily required 
when not sti'amed, and it cioes not impair the strength of 
the wood, i'his method of seasonint; lumber has been 
practised for nearly scviai years, and seems to work \ ery 
satisfactorily. The apparatus has *l3een installed by a 
number of leading manufacturers in various places. 

A later report (1913) to the same Association points 
out that it has been demonstrated by recent tc'sts (Bulle- 
tin No. i()<S, American Kailway luigineering Association) 
that then' is a material rediution in strength of Douglas 
lir piling from steaming. This wood aiipears to offer 
a s])ecial problem in seasoning. It is also stated that 
in seasoning by steaming the pressure should at no time 
exceed twenty jxumds ])er scpiare inch, nor the oil tem- 
perature, when seasoning by boiling is used, exceed 
io4-5°F. (220^..). 

A system of steam seasoning introduced by the Steam 
King Co., which is known as the S.K. process, is adapt- 
able to almost any kiln actually working under any of 
the ordinary methods. 

This process consists essentially in the use of steam 
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that has been treated in a s[)eeial i^asilicator in order to 
completely dry it, transform it into a .yas, and raise jt to 
a high temperatune It is et>ntended by the inventors 
that, as this \Trv highlv snpeiiie.ited steam accpiires new 
properties and a peculiar avidity for inoisturi', it becomes 
a very conveihent and drsirablv medium for the purposv 
of drying the wood in tliv eliamlx'r. 

The requisite supply of steam is obtained either from 
existing boilers, if available, or from a small boiler, [)refer- 
ably of the vertical type, located in close proximity to 
the apparatus, the pressure recpiired being anything over 
30 lb. per sq. in. I'lie amount of steam required is not 
large, being al)out i 11). jxa’ Imm for lau'h cubic yard 
('apacity of the kiln in oiak'r to maintain a tempcratui i* of 
from qq'C. to 54 ('. (ijo to i ;o k'.i.no external air being 
admitted. Thus |.or an ordinary-d/cd kiln about e cwts. 
of coke ])er day should be sutlicient fuel for raising the 
recpilred su{)ply of -.team. 

According to the inventors, as the unsaturated steam 
comes into direct contact with the timber in tlu' kiln, not 
only is the latent heat of the steam entirely available for 
the purpose of evaporating the moisture from the wood, 
but also the latent heat of water conns into pla\’. klius to 
evaporate 5 lb, of moisture tlu'v claim that only i lb. of 
unsaturated sti'am will be required. 

In operation with, say, })lankM, these are stacked with 
I in. s[)ace betweim tliein, tlie su[)erh('at('d steam being 
allowed to issue from nozzles fixed on a steam j)ipe mounted 
on one of the sides of the kiln, and the moisture is allowed 
to escape by the o})j)ositti side in order to force, the gasified 
steam to pass through the entire width of the kiln and 
between the planks of timber, in trials 2 in. deal planks 
are stated to have been dried in 10 liours ; 4 in. ash 
felloes in 40 hours ; 2 in. ash plough handles in 13 
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hours ; in h in. white deal cement-barrel staves in 30 
hours; the loss in weight of the samples varying from 
10 to 15 per cent. In the case of poplar and elm planks 
I in. thick, sawn six months after the trees had been felled, 
and placed in the kiln on the same morning they were cut, 
the time occupied in drying was about 70 hours. 

A method of drying timber known as the patent vapour 
process dry kiln is used by the (irand Rapids Patent 
\"apour Process, U.S. 'Phis system can be worked either 
with live or wastes steam, in the latter case the cost of 
working being correspondingly low. According to the 
])roprict()rs of the process, 40,000 ft. of i in. oak which 
had been cut six juontlis was thoroughly dried soft and 
bright, with no warping or checking whatever, in six days. 
The kiln used in this instance was bo ft. in length by 17 ft. 
in width, 'i'lie coal consumption was^s cwts. a day for 
live steam. ^ 

Artifk lAi, Si:.\s()M\(, OR Dryino by Heat. 

Desiccation or seasoning by heated air is carried out 
roughly bv siibjecting the timber in a kiln or chamber to 
a current of hot air, by which the sap is dried up. Season- 
ing can be effected in this inamuu' in from a few hours to 
a f(;w weeks, tlu' time being dependent upon the size 
and characteristics of the wood to be operated upon. 
Application of the heat should hv made very gradually 
wIk'U green timber is being dealt with, and considerable 
difficulty is experienced in preventing the wood from 
splitting. The ttunperature should not be too high, 
and the cxtremitii'S of the timber should in some cases 
be clamped. The hi'at reiiuired varies according to the 
dimensions and kind of wood, the following being given 
as the usual maximum temperatures to be used for the 
woods mentioned : 



G2 Till': pri:si:rvaiion of wood 



Desires C 

Doi^wces 

Leaf- woods ..... 

41 

1058 

Mahogany in thin fioards 

140 

100-2 

Oak 

4-1 

f r 1-2 

Pine woods in deals and upwards 

3- 

125-6 

,, ,, in thin boards 

<17 

206-6 


To onsure success in artificial seasoning tlic following 
conditions an' essential : 

(a) The b(Kir(ls to be dried in the kiln or chamber 
at the same time must be of a uniform thickness. 

{h) 'the spaces or clearances K'ft betwi'en the boards 
must always be cipiaL 

(c) The kiln or chamber mint be entiielv filled with 
the wood to be drii'd. or, if this is impracticable, thi* 
partial (iiarge should be boarded o\er on the top. 

[d) Ihe Hunt S'litable tianjx'rature for giaieral use is 
5 ()-Cent. (about 122 loihr.), any considerable I'.xcess of 
temjx'rature ;d)o\’e this -exi'ept for certain woods — pro- 
ducing inferior results. 

Sir S. llentliaui >ays, referring to timlier seasoned by 
artificial heat, that “ the due si'asoning without crai'king 
has ajipeared to d('|)end on the ventilation happening to 
be constant, but very slow, joined to such a diu* regulation 
of the heat as that the intcrioi' of the timber should dry 
and kee)) jiaci' in its iojutraction with the outer ( ircles." 

1 he diagram fig. 12 lias been prepared by the 
Sturtevant Engineering ( o., Ltd., to show the great 
adwintage of heating the air for drying work. The ten 
curves correspond to tlu' percentage of humidity form 
10 to TOO. 'File dew point for any given tengierature 
is manifestly that at whii'h tlu' relative humidity is 
100 per cent.- that is to say, when the air is saturated 
and incapable of taking up more moistuie. A glance 
at the diagram will show that a cubic foot of air at 
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15'5''('' i' -) r^'aches its saturation point when it con- 
tains.about 6 grains of moisture, whereas when it is heated 
to say ho^C. (140'^!^) it is capable of taking up 56 grains 
before reaclhng saturation point. 1 he two essentials for 
satisfactory drying an* then, firstly, lieat for accelerating 
the ex|)nlsion of thc' moisture from the material to be 


I>. ivciii tii.' i.f liumidiiy 



iM.iyiain showiii;; tt'i' aav;Lnla,m‘ "t lu'atiny ail 
lor (Irvini^ wood. 


dried and the i‘va])oration ol this moisturi' into the 
surrounding atmosphere ; and, secondly, thoiough ail 
ciri'ulation to carry oil the evaporated moistuie. 

The following table can be used to ascertain the degree 
e)f saturation or the ri'lati\e humidity of ail . 
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Table weights of aqueous vapour held in sus- 

pension by 100 lb. of pure dry air when saturated, at 
different temperatures, and under the ordinary atmo- 
spheric pressure of 2()'q in. of mtuTury. and Light- 

foot.) 


Tempci- 

Weight of 

Toinpcr- 

Weight of 

aturr. 

a pour. 

atiirc. 

vapour. 

Falir. 


Fahr. 


clegs. 1 

lbs. 

(legs. 

lbs. 

— 20 

c> '0350 

102 

4-547 

-- 10 

‘’•0574 

1 12 

<'^•25.3 

0 

0 -0918 

1 22 

8-584 

10 

0 • I 1 S 

13- 

11-771 

20 

()'2 2()5 

142 : 

16-170 


<>-37'> 

'5- 

22-465 

42 

()-3b 1 

162 • 1 

31713 

5- 

()-8i<) 

172 I 

4<5*338 

62 

1-179 

.82 , 1 

71-300 

7- 

1 -680 

'92 ! 

122-643 

80 

2-361 


280-230 

02 

3-289 j 

202 1 

Infinite 


N.B. The weight in lbs. of the \'apour mixed with 

100 lb , of pun' air at any given temperature and pressure 
is given by the formula- 

()2-3h: 2C)-q 

29'9-E'^ P 

Where E elastic force of the \ apour at the given tem- 
perature, in inches of mercury (to be taken 
from Tables). 

p absolute pressure in inches of mercury. 

~ 29-9 for ordinary atmospheric pressure. 
Kilns for seasoning timber by the application of hot 
air may be broadly divided into two classes, viz., those 

F 
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whcri'in ;i |)ositi\c circulation of tlie air is effected by 
means of a fan or blower, and those wherein a natural 
circnlation is cinployed. 

Drvinc; or Seasoxim; by I’ositive Air Circulation* 

Desiccation has been in use for a c'onsiderable tiini'. 
Manv years uRothi' drvii\:^^of wood in ovens was siii^gested 
by W’olliiston and h'onrcrov. Of the several more or less 
success fill methods of drying; by positive circnlation 
de\-is('d in tlie first half of the last ccntnrv mention 
inav i)e made of the following; : 

De Mecijiu'nein, in the ve.ir iS ;;. drsieiied an apparatus 
comprising a clo-ed ('hambci in which tlc' Wdod to be 
dried or seaxdied was phued. ( iiireiits of heated air 
lire dri\(‘n into this (li.iiiib'i' thioiieh a[)eitnres at or 
near the llnor K m I, and e''ea[)e at the nppi'r part then'of 
(hatred with the nioi'tmn extracted from the wood. 

( harpeiUier, in the vear patented in loanee an 

iiu'eiition for diving wood in h< rm<'ticall\’-e]oS(‘d cham- 
bers. Tlie wood })Ia<'ed in the ( hainlier is siibjt'cted to a 
current of air h<’ated bv eontaet with metal plates arranmal 
to form the co\'eiin,^ of the line of a coke fnrnac('. As in 
the pKw ions an aneeinent , t h<’ hot air enteis the efiambi'r 
at tlh' floor le\( l, and esc apes at the top throiiRli suit- 
able apertures, wheiK’e it is c(»n\'eyed into the fnrnai e 
ehimney. 

l)a\ ison and Svmin^ton,in p int lodnced a patenti'd 
apparatin and piocess for drvinp timbia' by nnxins of 
propelled currents of heated air, the heat beiny repmlated 
acaanding to the nature of th<' wood in the stov(\ 
The apparatus consisted (sscaitially of a furnace and a 
series of pipes within a core of brickwork. On each side 
of the furnace, on a level with the lire bars, is a horizontal 
tube ; communicating and springing from these tubes 
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arc a series of eigliteen tubes placed \-erticalIy aiul 
parallel to each other over the furnace. Tlu' outer end 
of one of the horizontal tubes communicates with a fan 
or blower by which a constant current of atmospheric 
air is driven through tlic tubes, wherein it is raised to a 
considerable temperature and is discharged at the further 
extremity of the other horizontal ])ipe, and thence con- 
veyed to the stove or chambi'r. The wood is placed in 
a closed chamber, gallery, vault or flue of suitable form 
or magnitude, preferably constructed of lin'-brick, with 
double doors or shuttc-rs for introducing or removing 
the wood. These chambers may be constructed in 
sets in parallel lines in the floors or uprigiit walls of 
a building, with narrow o|)('nings through which the 
heated air may issue in thin stnums lyid spread itself 
over the surface of the wood. Should the inlets be 
near the floor the wood should be placed in an upright 
position ; if, however, it be admitted horizontally, stan- 
dards and skeleton slu'Ka s will be re(|uir('d u]x n which to 
lay the wood, tlu' great desideratum being to bring the 
heated air as quickly as jmssible into contact with th.e 
wood and to permit it to ])ass awav as rapidly as possible 
after it has done its work. 

According to the inventors, the total superficial area 
of the open space in the floor, or in the upright walls, 
for the stream of hot air to pass to the wood should not 
exceed that of the principal outlet pipes at the end of 
the furnace. In this way a free and uniform current of 
hot air is caused to flow through the chamber, or chambers, 
containing the wood. The best temperature to be given 
to the air, and velocity of the current, will de])end in 
each case upon the size, density and maturity of the 
wood fo be treated, l^xperiments made by the inventors 
are stated to have showed that wood generally may bo 
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subjected with advantage to currents of air at a tempera- 
ture of 204Tent. and a velocity of loo ft. 

per second. For green wood, however, it is considered 
by them preferable to commence at a temperature of 
from 6 (P to Qj^Cent. (150-8” to i()9-4°F.) and raise it 
graduallv as desiccation proceeds. To effect this a 
cold air drain from the fan, pro\'ided with a damper, is 
suggested, so that the temperature of the hot current of 
air may be regulated at will. 

It is held that wood may safely remain under treatment 
until there is no further escape of moistun*, which should 
be until the loss of weight is from one-ejuarter to one- 
twelfth of th<' whole weight of the wood. 

vSeveral j)at('nts for stoves for drving wood were 
obtained by l>ethel between 184S and 1855. taken 

out in the first (d the above yc'ars com])rises a rectangular 
chamber consisting of three walls \'aulted over, con- 
structed of brickwork with a coo' of slag. The wood 
is introduced at one extremity of this chamber on trucks 
running on longitudinal iron rails, a doubh' dotu' being 
provided for closing th(‘ aperture when the kiln is charged. 
At the opposite end to this door is a furnace for burning 
coal, coke, wood, or tar. The hot air, when drying only 
is required, or smoke when it is desired to smoke it and 
so impregnate it with ga.seous antiseptic mattius, enters 
througli a flue running along the floor and branching 
at th(’ end, and is allowed to escajie, or is suekaxl out by 
a suitable exhaust fan at the toj) of the kiln. 

Bethel considered the best temperature to be one of 
43°Cent. (i09-4°F.), and the time required from eight 
to twelve hours. 

A stove or kiln for drying wood for flooring was de- 
signed about 1870 by S. T. Holmes. The air is heated 
in this dryer — which is said to have been very successful—^ 
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by means of a warming apparatus invented by Price and 
]\lanby. 

An example of a modern kiln working on the above 
system is shown in fig. 13. This timber-drying kiln has 
three compartments, each under separate control, and has 
been designed and patented by the Sturtevant hhigineering 
( o., I.td. Ill this timber-dryer both the temperature and 
('irculation of tlu^ air can be regulated, and also the 
humidity, by whicli means it is claimed that hardwood 
and large balks of timber can be treated as effectively 
as small |)ieces of softwood. Hardwood, owing to the 
closeness of the grain, does not part with its moisture 
so readily as softwood, consecpiently when subjected 
to the action of hot dry air only, the outer skin becomes 
dry and is liable to warp and split before the moisture 
evaporates from the heart of the timber. • The subsequent 
gradual evaporation of this internal moisture causes 
contraction and further warping and splitting. 

In operating the kiln under consideration large balks 
of hard wood piled in one of the compartments can first 
of all be subjected to the gentle action of moist cool air, 
and the tenqierature of the air can be raised by degrees 
as desired, the timber being thus gradually warmed up. 
In this way the moisture can be slowly evaporated from 
the heart of the timber without the outer skin becoming 
dried. The humidity of the air is slowly decreased, 
whilst the temperature is slowly raised, and, v'hen the 
drying process is iK'arly completed, warm dry air is 
admitted to finish the drying. At the same time, it is 
possible to have in the other compartments conditions 
exactly suitable for drying smaller pieces of hardwood 
or of soft timber. 

The system comprises three main distributing ducts, 
the first of which supplies the warm dry air, the second 
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cold dry air, and the third moist air. Suitable branch 
supply ducts connect the coinpartnients with these three 
main ducts, and dischari.je ducts are also pro\ ided. The 
admission ol air (an be re,j.;ulatcd by dampc'rs, worked 
from th(' control l)oard, shown in liy. 14, whic'h is jdaced 
outside tile kiln. 'I lu‘S(' dampers can be adjusted to any 
))osition, the (onditions 
prevailin,!^ in each of the 
('(impartments of tlu' kiln 
as ri'i^ards hiimiditv, t(an* 

[lerature, and air ciK'ula- 
tion beiip^ indicati'd on 
the contiol board. 

Tlu' circulation of warm 
air throuith tlu' ('omjiart- 
nu'nts is positi\e and is 
('flectc'd bv a Ian or blowcM' 
in ('onnection with a st('am 
lu‘ater for wanuin,!.^ the 
air, and a I’cturn wati'r 
appaiatus for deli\-('rin.«; 
till' hoi watc'r dischaia;('d 
from the liealer direct to 
th(' boik'r. I'lu' warm air 
on enteriip^- the' dryiiii; I'lc. i.,. Contn)! Ix.nol t..r nso 

com|)artments eivc-s up ^1"' Dmbcr- 

^ ‘ (Irx in^; Kiln, 

the greater part of its 

heat in e\ aporatin,i; moisture, and after jiassing through 
the wood leaves the drying ccimpartments, carrying with 
it the va})our, thus not only supplying tlu' heat which 
evaporates the moisture, but also absorbing that mois- 
ture and carrying it away to the e.xterior. 

'I'he centrifugal fan used is a patimt Sturtevant steel- 
])late fan of the 1 \I.V. type, the main feature of which is 
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the wheel or runner. This hitter is built up with a large 
number of concave blades which are cui\-ed forward so 
that the ('oncave side faces in the direction of rotation, 



Fig. 15. —Enlarged view of'Centrilugal Fan insed with Sturtevant 
Timber drying Kiln. 

and, what is of more importance, has the blades so con- 
structed that they arc not straight from end to end, but 
consist of a scries of pockets approximately spoon-shaped, 
as will be seen in the illustration, fig. 15, which shows the 
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fan drawn to an enlarged scale. The makers claim that 
with this type of wheel a much larger volume of air is 
passed through the fan when running at the same speed 
as the ordinary centrifugal fan-wheel. This excess in 
the amount of air handled is said to be due to the fact that 
the numerous spoon-like pockets take hold of a larger 
quantity of air than a Hat blade is capable of doing. 

'I'lie following explanation of the principle upon which 
the system operates is given by the inventors : A sub- 
stance becomes dry by evaporation of its inherent mois- 
ture into tlu' surrounding space. 1 f this space be confined, 
it soon becomes saturated and the |)rocess stops. Hence 
constant change is necessary in order that the moisture 
given off may be continually carried away. In practice, 
therefore, air movement is, in their oi.)inion, absolutely 
essential to the prcc_'ss of drying. The introduction of 
heat serves to decrease the time of ^irying by increasing 
both the rate of evaporation and the absorbing power of 
the surrounding space. WTether this space be a vacuum 
or be filled with air it will, under cither condition, take up 
a stated weight of vapour. If the temperature of the 
space be increased, opportunity will thereby be afforded 
for the vaporization of more water, but if it be decreased 
the capacity for moisture will l)e reduced and \-isible 
water will be deposited. The temperature at which this 
takes place is known as the dew point. ^ An ever^^day 
application of the above principles in nature is found in 
the rapid drying of the roads and buildings on a windy, 
sunny day, the sun providing the necessary heat, and the 
wind serving to remove the moisture drawn up by the 
sun's rays. 

^ In this country the dew point is rarely more than 30 below 
the temperature of the air. 
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The atmosphere is nni\’ersally recoj^nized as the best 
medium for the absorj^tion and remo\-al of moisture., Its 
rapacity for absorption, or more jMOpcrly s})eakin,e: the 
amount of ya{)oiir a i^iyen spaca* will ('ontain. iniacases 
rapidly with tlu' trmpiMatun'. It is j)rinripally for this 
reason that heat is sucli a \ aliiablr factor in I hi' dryintt 
process. 'I'lie dei^rre of saturation or of humidity is 
usually e.xpressed relati\ely in per cent, of thi' total 
amount of moisture which the air w'ould bi* capable of 
takiu!^ up at a e.i\-cn Icmpcrat uri'. I'lic aii is saturated 
when it is inca])able ot takin.r; up and holdine in\i>il)le 
any additional amount of \apour. In other words, the 
actual temj)erature of the mixtuii' and the dew point then 
coincide, and the least coolin.y would cause di'position of 
moisture. 

i''i,i;s. III, 17 and iS show in j)lan, sectional ele\-ation, 
and cross sci tion a ymb 'i-dryin.e I'liambei-, also workinrt, 
on the positi\'(‘ circulation s\'stem, desi^ni'd by Mr. (i. 1\ 
Wells, rile main feature in this diyer is the arran,L;e- 
meiit for heatin,^^ the air and for i ireulatiii,e sanu' through 
till' ap|)aratus, w hii h i (insists, as sliown mole i learly in 
the eiilaia^ed \'iew lie. i<n of a eoinbined ai'eeleiated hot- 
water boiler with steam superheater, hot-water batteiy, 
and a blower fan^ marked respecti\ely 1 ), ly and V on 
the plan. The boiler is spi'cially designed so that if 
necessary it can be worked entin'U' on wood refuse. 
4 he lower part of the boiler heats the water and lapidh' 
ciri'ulates it through the air heater or battiay, and the 
fan forces the hot air throu,r;h the inlet or deli\ery-duct 
into the dryini( cliainber. 

Directly above the hot-water heati'r is a small steam 
boiler and superheater, worked by the heat fi'om thi' 
same lire. I he su|)erheated steam fi’om this ( ombined 
a{)j)aratus is deliyered into the air and steam nijxing 
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chamber (1. Ibis chamber is placed for convenience 
between tlie lieatinj^ battery and the fan. 



The oj)eration (d' the apparatus is as follows : The 
timbei'^drying chambi'r is lirst stacked with the sawn 
timber, taking care to fill up the spaces as far as possible; 
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or, if the continuous or progressive system is adopted, 
it is piled or stacked on trucks. The doors of tlie chamber 



having been closed, the combined mixture of hot air and 
superheated steam is driven into the chamber through 
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the inlet clnet by the fan, the low temperature of the 
wood, causing the steam to condense on its surface, so 
that it is entirely covered with a thin tilm of moisture, 
which is claimed by the inventor to pre\x‘nt cracking, and 
to 0|)cn the pores of the wood. 

After this sweating jirocess has Ix'en allowed to proceed 
for a short time, tlie supply of superheated steam to 
the hot air in the mi.xing chamber is discontinued by 
simply closing a damper in the furnace beneath the steam 
boiler. The di ving-jiroci'ss is then continued by per- 
mitting the hot and moist air to continually circulate 
through the drying-cham1)er and back through the return 
air duct to the heater and to the fan, which again passes 
it into the drying-chamber, d'his ojieration is continued 
until the air so circulated has become fully saturated with 
moisture, wlien the bv-pass H in th(‘ return air duct is 
put into operation, and part of the saturated air is allowed 
to escape into the atmosphere through the by-pass, the 
rest passing on to the heater and fan. By this time the 
drying jirocess will be nearly completed, and only requires 
to be continued for a short time longer, when tlu' doors 
can be opened and the dry timber removed. 

Drying or Seasoning by Natural Air Circulation. 

A patent timber dryer, designed by hh-ith’s Engineering 
Co., Ltd., arranged to operate with a natural air cir- 
culation, is shown in tigs. 20 to 24. The first is a per- 
spective view taken at the discharging end of a progressive 
dryer for pine boards and deals with two tunnels. Fig. 
21 is a plan view, and figs. 22 and 23 arc longitudinal 
and cross sections showing details of construction. 

This automatic dryer consists of one or a plurality of 
tunnels each having independent control both as regards 
temperature and humidity. Thus any convenient number 
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‘regressive Dryer for hardwoods, with t vo tiitiiiels. Perspective 
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may be built iu series, eaeli tunnel bcini^ a self-contained 
unit, and tlie drying is elTected by a rotary cin'ulation of 
moist’ air without any mechanism. Each tunnel is 
provided with a platform at its charging end and at its 
discharging end, and with suitable doors, as sIkuvu more 
(dearly in the \-ertical longitudinal section, tig. 22. The 


timber to be dried is stacked on 
trucks, as shown in hg. 24, and 
these trucks are arranged to 
tra\'el through the tuuuel on 
rails. 

Idle building in some installa- 
tions is a lireproof construction 
of bri( k and iron, the doors be- 
ing Iddth’s impro\'ed wood or 
cau\’as roller pattern, which can 
be as rapidly jnilled up as a 
blind, but which lit tight when 
lowered. 

The heating de\ ice comprises a 
series of steam radiator ('oils, 
using either live or exhaust 
steam, mounti'd in the air spac'c 
situated bi'iK'ath the tuuuel as 



shown in tigs. 22 and 24, and rn. 
extending from the discharging 
end to somewhat more than half 


ii. — I''.rith’s rro>;ri'S- 
siv(' Dryer lor hard- 
wooils. witli tw5 tun- 
nels. I’Dn. 


its length. 

The principle upon which this dryer works is an air 
circulation entirely jiroduced by convection currents. 
The hot air coming from the steam coils rises and passes 
in an upward direction tlirough the timber, and after- 
wards through the tunnel, and downwards to the air 
space, along which it passes back to the steam radiator- 
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coils, the course being indicated by the arrow s in fig. 2 3. 
It will. be understood that the tunnel is not fioored, the 
rails being supported upon cross-joists above the air space. 

As the air flows along the 
tunnel it comes successively in 
contact with wood in a w'ctter 
and wetter condition, and is 
slowly cooled until on its arri- 
val at the charging end it falls 
down into the air s})ace and 
returns as abo\’i^ mentioned to 
the heater to be again warmed 
and circulate as before, thus the final drying is effected 
by the hottest air. 1 his continuous circulation might result 
in the air becoming loo iiuk h ( hargvd with moisture, and 
to obviate this an outlet stack is provided, as sfiown in 



Imc.. 23. — luith's i)rogrt‘ssive 
dryer for hardwood.s. 
Cros.s-secti()n, .showing dc- 
taits of construction. 
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Fig. 24.— Frith’s Progressive Dryer fur hardwood.s. Pcrspcctne 
view, showing method of stacking timber to be dried on trucks. 


the drawings at the charging end, and also an inlet for 
the admission of fresh air from the exterior, as showm in 
fig- 23, both outlet and inlet being controlled by suitable 
dampers. 
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At the discharging end of the tunnel is a transfer arrange- 
ment (see fig. 22) which admits of the loaded trucks of 
dried wood being run on to a transfer car and mo\'cd 
to any desired point for unloading. 

The trucks consist of a couple of joists with twogroox ed 
wheels mounted on roller bearings, and generally the 
wood is stacked on three of these trucks, the weight of the 
wood being sufticient to maintain them in })()sition, and 
a scries of three rails being pro\ ided in the tunnel. When 
long narrow boards are to be treated, they are ])iled as 
shown in hg. 24, each tier of boards being separatial by 
piling sticks i in. scpiare, this open piling ensuring uniform 
drying, as tlu* moist warm air has free a( ( ess to e\ ery 
board. If short lengths ha\i‘ to lx* di'alt with, full-length 
deals are placed aeross the trucks to support the ti('r of 
boards. . Heavy material such as mahogany or oak balks 
can also be dealt i,vilh, and the invc'utors claim that balks 
II in. scpiare have been suci'essfully treated. 

The temperature is controlh'd by a single sti'am valve 
placed outsid(‘ the tunnel in an easily accessible position. 
Any degree of humidity from a slight mist to a dense fog 
of warm air can be obtainc'd, and moist air is used through- 
out the process ; dry air is only admitted in such (piantity 
as may be necessary to prevent complete saturation. 

DKYIN(i OK Si:.\soNi.\(; by ()XY(,EN. 

A process for artilicially seasoning w’ood devised by Mr, 
(\ Rene, a pianoforte manufacturer of Stettin, Germany, 
consists of an apparatus comprising a closed cylinder or 
kiln in which the wood to be treated is placed on iron 
gratings. Adjacent to the above-mentioned kiln, and 
connected therewith by a pipe governed by a stop-cock 
or valve, is located a retort for the generation of oxygen. 
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which latter is admitted into the kiln. Suitable provision 
is made in the kiln to ozonize the oxygen by medns of 
a current of electricity, the kiln being then gently fired 
and maintained in a heated condition for from 4(S to 50 
hours, after which the process of seasoning is said to be 
complete. 


l)KYiiN(; OK Skasoxixg by Smoke. 

Seasoning by smoke-drying was practised in \'ery early 
times, and th(‘ hardness and soundness of timber found in 
ancient houses may be attributed to the fact of their being 
exceedingly smoky. 

A patent was obtaiiunl in Franct' about iS/o for a 
process of smokti-drying wood, claimed to be more expedi- 
tious and certain than the use of hot air •only, and which 
process is stated to have been in successful operation near 
Cherbourg. The process, which was invented by (iuibeit, 
consists in charging the stove or chamber for drying the 
wood with smoke })roduced by distilling such combustible 
materials as sawdust, waste tan, smiths’ coal, etc. A 
ventilator is so arranged as to produce a rotatory motion 
of the smoke, in the kiln or chamber, round the wood to 
be seasoned, thereby ensuring a uniform temperature in 
every part thereof. It is mentioned that as the process of 
distillation is invariably attended by a considerable dis- 
charge of steam, the drying or seasoning is effected in a 
moist atmosphere and cracking or splitting of the wood 
is avoided. 

Drying or Seasoning by Scorching or Charring. 

Seasoning by scorching and charring is a method at one 
time used for preserving ships. The process is said to 
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protect wood from the attacks of insects, etc., and is a 
good* one for preventing external infection, but must be 
performed slowly and only in the case of timber already 
well seasoned, as otherwise it tends to hasten the decay 
of wet timber. Charring has, however, practically no 
effect as regards the prevention of internal corruption. 
For the preservation of fence-posts the plan is an excellent 
one, the charring being extended some distance above 
their contact with the ground. The charred portions 
may with advantage be painted with three or four coats of 
pitch. Charring has been used with good results in 
Belgium for the j)reservation of sleepers. 

Drying ok Seasoning uy Electricity. 

A method of effecting the rapid seasoning of timber 
by means of electricity has been proposed by Nodon- 
Bretonneau ((1. Marcschall, La Nature, October 7, 1899, 
p. 296), to whom it has occurred that the sap could be 
more readily displaced by the aid of a current of electricity. 
The apparatus consists of a wooden tank having a false 
bottom constructed of open woodwork, and capable of 
being raised by means of hydraulic rams. The bottom 
of the tank is covered with sheet lead, and is electrically 
connected with the positive pole of a dynamo, and a steam 
heating coil is provided between this lead bottom and the 
false bottom. The timber to be seasoned is stacked upon 
the false bottom, and above the timber are mounted 
shallow boxes having bottoms formed of felt or cloth, and 
each of which forms a sort of porous vessel which is 
filled with water. By means of a framework or mount- 
ing of lead, these porous water vessels are electrically con- 
nected with a negative current of electricity. The tank 
is filled with a solution such as a neutral boro-resinate of 
soda, or other suitable solution, with which it is intendeej 
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to replace the sap in the timber, and the contents are 
then gently heated by means of the coil of steam-pipes 
beneath the false bottom. 

The current of electricity passes through the entire 
depth of the timber stacked on the false bottom between 
the lead bottom and the porous-bottomed water vessels 
or boxes, and by its action it is stated to induce a species 
of electrical endosmosis, the solution in the tank surround- 
ing the timber replacing the sap in the latter, and the 
expelled sap escaping and floating on the surface of the 
bath. 

The operation is said to be complete in a few hours, 
when the timber is removed from the tank, and after 
being allowed to drain in the open air, the drying process 
is completed in a kiln having suitable meiyis for regulating 
the temperature. 


Effect of Time on the Strength of Wood. 

The influence of time on the strength of wood formed 
the subject of a comprehensive series of experiments 
made in 1893, and which were again repeated in 1895, in 
the testing-shops of the Chalmers Institute in (ioteborg, 
Sweden, on the transverse strength of pine, spruce, oak, 
and birch. In the year 1901 another series of experi- 
ments were made by Mr. Theodor Wijkander in the same 
laboratory (Teknisk Tidskrift, Stockholm, 1904) with 
bars of the same woods, which had remained stored during 
this interval of time in roomy and dry lofts of the shop. 
The general section of the bars was 10 centimetres (3 '938 
in.) square. These bars were completely air-dried at the 
time of the first tests. For the later tests the bars were 
dried at a temperature of 38°Cent. (looTahr.) for from 10 
to .12 days, whilst for the first tests they were only dried 
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for 8 days, so that they were about 2 ])cr cent drier in tlie 
latter case. 

The later tests were carried out in exactly the same 
way as the first ones, and the mean results of the thre(‘ 
tests show tliat between 1893 and 1895 the moduli of 
breaking and of ('lasticity had increased, whilst the de- 
flection had diminished, the wood having becouK' stifftT 
k'rom this it was concluded, at the time, that th(' wood had 
undergone some internal change during the interval 
b('tween these two tests. The u'sults of the tists carrii'd 
out in 1901 showed that the moduli of breaking under 
compression, bending, and shearing had incn-ased, as 
also that of elasticity in Ixmding, and the defli'ction 
whi('h had been found to have diminishi'd during the 
period from 1893 to 1895 found to b(^ on the increase 
in ipor. d'his itKua'asig however, showed ito n'gular 
correspondeiua' wifli the lapse of time. 

hb’FKCT OF MoISTFKH OX THF. StRFXCOII OF W'oOl). 

'riie strength and elasticity of wood de])end to an 
appreciable degree upon the? amount of water whic'h it 
contains, and it is therefore desirable to know to what 
extent the strength of wood is impaired by the absorp- 
tion of water hygroscopically. Investigations with this 
object in view were made by Mr. Julius Marchet in 1895 6 
(Miliheiliingen des K. K. tcchnolo^ischen (iewerbe-MHseums 
in Wien, 1S95, p. 204, and ibid. 1896, p. 82) with three 
v’arieties of hornbeam. 

The wood was tested by cempression in tlie form of 
cubes, having sides of 1-4 inch with an area under com- 
pression of about 2 square inches. The results given 
are the mean of five tests. The weight needed to crush 
thecubesof dry wood varied from 19,621 lb. to 25,794 lb. 
The tests were made upon an Emery testing machine, 
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the figures being tlie point readied at which the indi- 
cator dropped back, showing that the breaking dc'iwn 
crushing strain had been reached. 

The cubes treated with water were allowed to float 
until tlioroughly saturated, which varied in from six to 
seventeen days. The dry cubes contained from 77 per 
cent, to 9 8 per cent, of water, showing that the wood 
was well seasoned. The weiglit of water absorbed varied 
l.irgely in ditferent sani])les of wood, and ranged from 
-15 h) 7() i)er ('(‘lit of the w(‘ight of the dry wood on the 
sex’cnteenth day. Tlu' weights re(]uir(‘(l to crush the 
satiirah'd cubes varied from 9,oj8 lb. to 11.023 > the 

loss of strength ranging from 55-9 to ()i per cent. 

The second series of t('sts were made with further 
spec'imens of the same woods from a different locality. 
I'our test-bars were made of each of the* two varieties of 
hornlx'am employed, the dimensioiiir being uniformly 
2h'i inclu's in length and 1-3 inch scjuare. 

Some of these bars were tested in their dry state to 
ascertain relative strength, and two were soaked in water. 
'riu‘ dry bars contained from 22-5 to 31-4 per cent, of 
wati'r, and those sti'epedin. water from 33 to 48 per cent, 
of wati'r. The first wi'ie therefore far from being properly 
air~dri('d, whilst the latter were not fully saturated, having, 
owing to lack of time, been removi'd from the water after 
only nine days. In every case the inecc's tested had a 
clear bearing of 21-26 inches, and the weight was gradually 
applied at the centre. 

From the results of the tests the following deductions 
were arrived at : The two varieties of hornbeam tested 
showed when wet a reduction of the crushing strength, 
as compared with that when dry, of from 55 to 60 per 
cent. ; the bending strength, however, showing only a 
decrease of 10 per cent. 
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The deflection of the wood is increased by the absorp- 
tion of water. The ultimate breaking stress coincides 
approximately with the extreme range of elasticity 
when the wood is saturated witli water. The stress of 
bending in the case of saturated wood is about 60 per 
cent, lower than in th(‘ case of air-dried wood test(‘d dry. 

The tests cited abov(* demonstrate the loss of trans- 
vers(' stR'iigth and crushing strength in the case of a 
certa'n v<irietv of liardwood, owing to tlu' absorption of 
wat('r. 

The elfect of moisture on th(‘ strength of woods more 
fivcjuently <'mj>loyed in construction has formed tlu* 
Mibject of extensive investigations by the United States 
Forest Servici'. 'Hie following is a brief abstract of some 
of the ri'sults ol)tained during these' tests published in 
(lie Engineering;' and Mining; Journal of New York 
(X(j\'ember 10, 19(^0). It was found that the relation of 
moisture to strength follows a detinite' law, that the 
strength of all kinds of wood increases rapidly with 
])roper drying, the amount of increase' depemding on 
the spee ie-s and the degree of dryness, 'i'hus the; strength 
of a |)iece* of unseasoned red spruce may be ine re'ased ovvr 
400 per cent, by a thorough drying at the- te'mperature 
of boiling water. The strength of the dry wood, how- 
ever, d(;crease's again as it reabsorbs moisture. \Voe)d 
air-dried and protected from the weathea’ eontaining 
12 per cent, of moisture is according to speck's 17 to 2-4 
times stronger than when green. 'I'he stiffness of wood • 
is also increased by drying. 

The above conclusions have been arrived at from tests 
conducted with pieces of small cross-s(‘ction not exceed- 
ing 4x4 inches (10-2 x 10*2 centimetres). In the case 
of timber of large sectional area, however, years of dry- 
ing would be required IxTore the moisture becomes 
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reduced to the point at which the strength commences 
to increase. Under normal conditions it was found that 
wood fibre will absorb a definite amount of moisture ; 
any additional amount of water then only fills up the 
pores, and has no practical effect on the strength. 

The following percentages estimated on the dry weight 
of the wood were found to be the fibre-saturation points 
for the woods named : Long-leaf pine 25 ; red spruce 31 ; 
chestnut 25 ; red gum 25 ; red fir 23 ; white ash 20*5 ; 
Norway i^ine 30. Wood which had been dried and re- 
soaked was found to be slightly weaker than the same 
wood when green. 



(HAPTI'R IV 

Fhe Preservative Treatment of Wood. 

C'onditions i'.s^ential In ensun* Success -'riK; Absorplicui of 
Preservatives l)v Wood I'lie Slit Ifv])()lliesis -WViss’ 
riieor\’ riu' StriK lure of the Tit Membranes in the I'liu heids 
of ( oniters and tlieir Kelatioii to tlu^ l\‘ii(dratioii of 
(iases, ]a(|nids. and Idnelv Divided Solids info (danm and 
Seasoiu'd Woods f )etaifed Strnctnre of the Iht Mendiranes 
Lal)or.itory Analvsis after f'reatment v. Acdaial l<e('ord 
diirini; Treatment. 

CONDITION.S i;SSi:XTfAI. TO l^XSTRr SrrC'KSS. 

lower foni'is of animal and vt'ytdablc life, that 
is to say bacteria, ftin.t;i or spores, assisted by heat, 
air, and ntoistnri', entr'r the wood ('ells and destroy tlu' 
wood tissue, and as the>e destriictiw elements ar(‘ always 
present and ready to attack organic matter, it btM'omts 
necessary both to di'stroy (hem and to render the wood 
imi>eryious to them by (he injection of sonn' an(is('p(i(' 
or poison in li(juid form. 

Ih'occ'sses for the ])reseryation of timber from decay, 
and from destruction through (lie l)oring of insects, may 
be classified under tlircM* headings : Drying artificially 
and hermetical protection from contact with the atmo- 
sphere by coating the surface with paint ; tla; elimination 
(d the sap of the wood by dilution or vaporization ; 
the impregnation of the W(jod with souk* antiseptic 
chemical substance which will form an insolubk' compound 
with the organic matters in the sa]). 

'fhe first and second of the aboye methods an* (uily 
90 
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valuable where the limber is comparati\'ely thin, is so 
placed as to be readily get-at-able, and is not in contact 
with th(‘ ground. The third is the most important, and 
it is propos(vl to deal childly with processes coming under 
this head. 

It is absolutely necessary in order that an antiseptic 
agent should ])roduce useful results in the preservation 
of wood that it be in a ])roper liejuid state at the instant 
at which injcM'lion into tla* wood takas place, and to 
ensure success comm(‘rcially, that tlu' operation can bt' 
c.inied out at a reasonable cost. 

It is also (ss('ntial that the o])erator sliould have a 
thorough insight into tlu' practical working of the ])ro('ess 
employed, and a knowk'dgc' of tlie nature of the prestu*- 
vative used. ^ 

'I'he wood to be treated should, moieover. be in a ju'oj'ier 
condition, that is to say, projK'rly >easoned, or at the 
wry least half-seasoned. In tlu' Ixst practice in luiroi)e 
the wood is not treati'd until it has Ix'i'ii seasoned from 
six to twelve months. In the United States, however, 
wood is frectueutly treated four to six months aftiu' 
cutting, but g(‘nerallv with inferior re^\ilts. 

Tur: AnsoKPTiox of Pki:si:kv.\tivi:s nv .Wood. 

The whole problem invohc'd in timber preservation 
is the replacement of the saj) of the wood by some suitable 
preservative agent, and before proceeding to discuss the 
various antiseptics and systems of application employed, 
a few observations upon the fundamental factors con- 
trolling the penetration of preservatives into wood may 
materially assist in clearing away some of the difhculties 
that occasionally confront those interested in the tim- 
ber-preserving industry, through results being obtained 
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in practical working whicli cannot be satisfactorily 
explained. 

With this object in view the following abstracts arc 
given of two papers on “ The Preservative Treatment 
of Wood,” by Mr. Irving W. Bailey, Assistant Professor 
of Wood Technology, Harvard School of Forestry, Bussey 
Institution, Jamaica Plain, Massachusetts, U.S.A., which 
papers appeared as contributions from the laboratory 
of wood technology of the above school, in a recent num- 
ber (\a)l. XI. No. I, March, 1913) of the Forestry Quarterly, 
a professional journal published in Ithaca, New ^^)rk. 
The writer lias to thank Professor Bailey for his courtes)' 
in lending him tlie original negatives, so as to enable him 
to take prints from which the photomicrographs figs. 25 
and 27 hav(‘ bi'en pn'pared. 

Tiir;, Slit HYPoniLsis. 

'I'lie first of these articles treats of the validity of cer- 
tain theories ciuicerning the })enetration of gases and 
preservatives into seasoned wood. The author analyses 
Tiemann's hypothesis and summarizes it by the following 
extracts from a paper by II. 1 ). d'iemann on The Physical 
Structure of Wood in relation to its Penctrahilily by Preserva- 
tive Fluids (Bulletin 120, American Kailway Engineering 
and Maintenam'c Way Association : ” In fresh green 
wood of all species the cells of all kinds (except the resin 
ducts and the vessels) are completely closed by the prim- 
ary wall, and the gases cannot be forced through this 
enclosing membrane even at extreme pressures. Water 
may percolate through this membrane gradually, as 
through a filter, but this action must be comparatively 
slow even under high pressure . . . Whenever wood 
seasons (beyond its fibre saturation point), whether 
naturally or by artificial means, narrow microscopical 
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slits occur in tlic walls of the fibres and tracheids which 
render them penetrable to gases and liquids. These slits 
do not reunite when the wood is re-soaked, although they 
may close up somewhat. The greater the degree of 
dryness the more penetrable the wood becomes . . . 
Steaming opens up these slits in the cell walls, but they 
are not as numerous nor as wide as in air-dried material." 

" This hypothesis," says Mr. Bailey, " strengthens the 
position of those impregnation experts who claim that 
timber must be thoroughly air-dried to secure a rapid, 
thorough penetration. Furthermore it apparently ex- 
plains the value of preliminary steaming under pressure 
in kiln-drying green lumber. It indicates the reason 
why wood dried and tiieii rc'-soaked is weaker than the 
original green material, why the failure of rc-soaked beams 
resembles that of dry beams, ('tc., etc* 

" Distribution of ‘ slits ’ in aiy-dyy ^icood. — As a special 
test of this point Mr. Bailey has examined thin sections 
cut from one hundred specimens of thoroughly air-dried 
wood. The material included all the important timber- 
producing conifers or ‘ softwoods ’ of the United States. 
Spiral cracks in the cell walls occurred (as a result of 
drying or seasoning) in lo per cent, of the material exam- 
ined. In the remaining cjo per cent, the walls were 
entire, unruptured by the heavy stresses ]>roduced by con- 
traction of the cells in drying. The examination of a 
large number of thoroughly air-dried dicotyledons or 
‘ hardwoods ’ showed as in the case of the ‘ softwoods ’ 
that cracking of the cell walls in drying is of compara- 
tively limited occurrence. Furthermore, numerous ex- 
periments showed that air may be passed as easily through 
the unruptured dry material as through the materia] 
whose cell walls had been ‘ slit ' in drying. 

“ Pistribution of * slits* in the anniml rin ^^ — In all the 
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material of coniferous woods examined by the same 
authority the dryin^i; cracks or ‘ slits ’ were invariably 
confined to the liea\’y thick-walled cells of the so-called 
‘ summer ’ or ‘ autumn wood ’ (Sr.), which are formed 
during the last part of the year’s growth as shown in i 
and 4, tig. 25. The larger thin-wailed cells of the so- 
called 'spring wood’ (Sp.) were unruptiired and there- 
fore, according to Tiemaim’s tln'ory, im[)er\ ious to gases 
and hea\ v oils. Yet. as Tiemann has figured clearly 
(H. I). Tiemann, 7 V/c Dliysiciil Slnicturc of Wood in rcla- 
tion to its Pc net nihility by pyeservative Fluids,' p. <S), 
air passes \'ery rapidly through the tliin-walled cc'lls of 
dry ‘ spring wood.’ 

“ Distyibutinq if' slits ' in the tuyeys of the cell icall. — 
The wall of a wood cell is not clu'mically and structurally 
homogeneous throughout, but is dilferi'iitiated in most 
cases into three more or less clearly defined layers or 
coats, 'file outer membram' or lay<‘r, which is supposed 
to entirely enclose the rest of the ceil, is called the jirimary 
wall, and is considi'iablv thinner than the Micceeding 
layer within, which is heavily lignilied and \-ery \ariable 
in thickness (4, lig. 25). The latter layi'r is called the 
secondary wall and is separated from the lumen or ca\ity 
of the cell by a third, usually extremely thin, layer or 
tertiary wall (7, fig. 25). The secondary wall is com- 
))aratively thin in the large ' spring-wood ’ cells, but 
becomes much thicker in the ci'lls formed at the end of the 
year’s growth (4, fig. 25). As has been stated, cracks 
or ' slits ’ due to drying are confined to the heavy walled 
cells of the ' summer wood ’ {see Sr. i and 4, fig. 25). 
If very thin, carefully cut and stained sections are 
examined under high powers of magnification, it becomes 
evident at once that the so-called ‘ slits ' or rents in the 
cell walls are confined entirely to the secondary and 
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tertiary layers (see 4, fig. 25). The primary walls 
remain imniptiired, preventing effectively the penetration 
of gases and heavy oils from one cell to another by means 
of the cracks in the secondary walls. In 4, Fig. 25, a 
cross section of pine wood, it may bo noted that in order 
for air to pass from one cell cavity to another it must pass 
through two layers of unruptured primary wall, which 
together possess considerable thickness, equal in many 
places to the thickness of a single layer of secondary 
wall. A similar condition is illustrated in 2, fig. 25, 
as cross section of the fibres of a ‘ hardwood ' or broad- 
leaf tree. From this it is clear that drying cra('ks or 
‘ slits ’ cwn when present cannot account for the rapid 
penetration of gases and preser\-ing lluids. 

" Pcnctralion of air Ihrou^h ^reen ivood ami rc-soaked 
dry wood. — The o 4 )ser\'ations of Professor Ikiiley confirm 
the theory of Tiemann that the spiral cracks when once 
formed do not close when seasoned material is re-soaked. 
In view of this fact it is significant that in many cases 
dry wood when thoroughly re-soaked is, under moderate 
pressure, as impervious to air as unseasoned material. 
Furthermore, although long pieces of green sap-wood are 
impervious to air, even under heavy pressure, short 
pieces of the same wood, more than one fibre length long, 
may be penetrated easily and rapidly and by slight 
j)ressure.” 

Wkiss’ Thf.ohy. 

“ Weiss’ modi fical ion of Tiemann s hypothesis. — In a 
paper read before the American Wood Preservers’ Asso- 
ciation, Weiss ^ explains the greater penetration of creo- 

* H. F. Weiss, “ Structure of Commercial Woods in relation 
to the Injection of Preservatives," Proceedinffs of the Eighth Annuai 
Meeting of ihe American Wood Preservers' Association, 1912, pp, 
158-187. 
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sotc in dense woods and in heavy ‘ snminer wood ' of 
long-leaf pine paving blocks by the fact that the dense 
tissue cracks more in drying. Such splitting, he says, 
does not occur to the same extent in the light, thin walls, 
as they seem to yield and bend more under the read- 
justment of the wood during drying. 1 he heavy w’alls, 
it seems, therefore, cannot readily adjust themselves 
to moisture changes, and consequently s])lit somew’hat 
in the manner of a tie when it dries too rapidly. 

“ The objections to Tiemann’s hypothesis which 
have, been outlined above arc equally significant in this 
ease. However, as a si)ecialtest of this theory. Professor 
Ikiiley states that he examined the wood of long-leaf 
pine paving bkx'ks in which the peiietiation of hea\y 
creosote oil and tar oils w'as confined almost exclusively 
to the dense bands of ‘ summer w'ood.’^ The secondary 
wadis of the ‘ summer wood ’ in the majority of cases 
wTre found to b(' unruptured. 7, fig. 25 illustrates a 
cross section of the ' summer wood ' of a very dense 
specimen of long-leaf ])ine. Ihe heavy s(‘condaiy walls 
are seen to be devoid of drying cracks (compare 4, fig. 25). 
Since greater p('iietration occurs in unruptured as well 
as ruptured bands of ‘ summer-wood ’ cells, the pheno- 
menon must be due to some undetei-mined factor. 

“ Certain slruciurcs easily confused iviih dryiny cracks. 

In those portions of the stem and branches of coniferous 
trees wliich are called ui)on to resist hea\y stresses in 
compression a highly specialized type of tissuig according 
to Professor Bailey, is laid down by the cambium. This 
tissue is structurally designed to resist compression. 
The inner and thicker part of the secondary w\all of its 
component cells or tracheids is composed of vTiy fine 
more or less closely approximated spiral bands In longi- 
tudinal or cross sections of dry w'ood these cells might 

H 
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easily be mistaken by the unsuspectin|j[ observer for 
cells whose walls liad (le\'(‘l()p('(l minivroiis line cracks 
or ' slits ’ in drying. H()W('\Tr, as is shown in 5, jig, 25, 
a longitudinal section of freshly cut green white pine 
sap-wood taken from the imnu'diatc vicinity of the cam- 
bium, these structures art' not a concomitant of drying 
or seasoning, but ari' line screw-like bands deposited 
upon tlu' insitlc ()f the cells by the protoplasm. This 
specialized tissiu' is called ‘ Rothholz ’ by luiropean 
investigators. 

“6, jig. 23 is a photomicrograph of a. longitudinal 
section of air-drit'd loblolly pine sa|)-wood, and illus- 
trates a condition which occurs in air-dried Jiard pine 
from the southern rnittal Statt's. The striated or 
cracked apjX'arant'c has not bet'H ])i()duc('d by shrinkage 
of the cell walls i,n drying, but is the ri'sult of incipic'ut 
stages of dccav. TIu' minutt' mycelium of the fungus 
travels spirally within tin; thick secondary walls of the 
'summer wr>od,’ graduallv dissoK'ing the wall substance 
by its enzymes or ferments. Stcu under magnili(aitions 
such as an* commonly used in st iidving woody tissues, 
these spiral cavities, in longitudinal seetions of the wood^ 
might (‘asilv be mistaken for dr\'ing ( racks. Jlowewr, 
by using thin sections and high-i)ower oil-imnu'rsion 
lens(‘s, the structures are seen to be produced by a wood- 
destroying fungus. In crciss section the secondary wall 
is sc'cn to b(‘ not crai'ked as in .t, lig. 25, but drilk'd by 
numerous small circular burrows which contain the 
dried mycelium of th(‘ fungus. 

“ The following summary and conclusions haw been 
arrived at by Professor Ikiiley : 

" r. Spiral (racks in the walls of tracheids and fibres 
occur in (inly a small percentage of dry wood. 

" 2. S[)iral cracks, when present, are ( onhned in coni- 



PRESER VA T1 VE TREA TMENT 


99 

feroiis woods to the heavy, thick-walled tracheids at 
the end of the year’s growth. 

" 3. Spiral cracks arc confined t(j the secondary and 
tertiary layers of the cell wall, and the primary wall 
remains unruptured. 

" 4. Air passes as easily tlirough dry cells whose walls 
arc unruptured as through cells whose secondary walls 
have cracked in drying. 

“ 5. In many cases air ( annot b(‘ i)assed through dried 
cells whose secondary walls possess well-developed ' slits,’ 
or cracks. 

" 6. Althougli drying cracks or ‘ slits ’ do not close 
when dry wood is tlioroughly re-soaked, re-soaked wood 
is in many casi's as impervious to air as unseasoned 
material. 

“ 7. Although air cannot be forced through long pieces 
of green coniferous wood ('\'(m under»hea\'y pressures, it 
passes in many case's through short pieces of more than 
one fibre length. 

“ (S. In long-leaf pine pa\ ing-blocks, when the pene- 
tration was confined largely to the dense bands of ‘sum- 
mer wood,’ the walls of the latter were, in the majority 
of cases, found to be unruj)tured. 

“ From this it is held to be clear that Tiemann’s ' slit ’ 
hypothesis cannot account for the penetration of gases 
and oils into seasoned woods. Similarly, Weiss’ theory 
cannot account for the greater penetration of preserva- 
tives into dense tissues. I n both cases some undetermined 
factor, or factors, are at work which control the injection 
phenomena. 

" Fig. 25 shows at i a radial longitudinal section of a 
western hard pine [showing 'spiral cracks or ‘ slits ’in the 
thick walls of the ' summer wood ’ (Sr.). The thin- walled 
spring tracheid (Sp.) at the right is seen to be unruptured, 
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X400. 2, a cross section of the dense fibres of a broad- 

leaved tree, or ‘ hardwood,' showin^^ drying crocks in 
tlie thick secondary walls. The darker coloured primary 
walls which enclose the inner layer are seen to 
be nnruptured, X500. 3, a tangential longitudinal sec- 

tion of the ‘ summer wood ’ of western yellow pine show- 
ing spiral cracks (n‘ ‘ slits,' X300. 4, a cross sc'ction of both 
the ' summer ’ (Sr.) and ‘ s))riug wood ’ (Sp.) of a Mexican 
hard pine. The craeks or ' slits ’ an- confined to the 
thick si'condary walls of tlie ‘summer wckkL’ 'flic dark 
primary walls an‘ seen to be unruptured, ■ 500. 3, a 

longitudinal Motion of fieslily-cut whit(‘ pine sap-wood, 
taken from the immediali' vicinity of the cambium, show- 
ing the fine spiral bands which occur in specialized cells 
that resist ('omj)ression, 700. h, a longitudinal section 
of loblolly pine ''tracheids, showing striated efh'ct pro- 
duced by inci].)ieiit, stagi'S of decay, >1000. 7, a cross 

sectifui of the air-dried ‘ summer wood ’ of a \’ery dmise 
specinum of long-leaf t)ine. I'he thick seeoiidarv wall, as 
well as the jnirnarv and tertiary walls, are seen to be 
unruptured (< Dinpare .)). The first faint liiH'S (Tossing 
the section fnan right to left wen* made by tlie minute 
irregularities whic h occur on the edge (.>f evim the sharpest 
microtcjme knife, > 300.” 


The Stkecture ov tiii- Ihr MEMnR.\\i:s in tiiic 
TrACHI'IDS oi' Conteers. 

Dealing with tlu; structure of the j)it membr.UK'S in 
the tracheids of the conifers and their ndation to the 
penetration of gases, lirpiids, and finely di\id(‘d solids 
into gr(‘en and seasoned wood, Proh'ssor Dailey^ con- 

' C(jnlributioii.s from tli(j LaD)ratory of Wood 'ITchnology 
of the Harvard School of Forc.stry. 
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tributes the following particulars ; “ The xylem or woody 
portion of arborescent plants has three important func- 
tions. It conducts large quantities of water, with gases 
and salts in solution, from the roots to the cambium and 
leaves, provides a strong and rigid stem which lifts 
the foliage to a position when it can secure desired 
amounts of air and liglit, and serves as an important 
reservoir for the storage of elaborated food substances. 
The structure of wood has been evolved to fulfil these 
functions, and \’aries greatly in different species, and 
even in the same individual, with variations in the ex- 
pression of these functions. In the less complex woods 
the same ek'inents serve in more than one cai)acity, but 
in those which are more highly organized a division of 
labour takes place and certain elements act principally 
as conductors of water, whereas others ha\'e almost, if 
not entirely, ceased to act in that capacity. It is quite 
clear, therefore, in studying the waler-conducting pas- 
sages of wood, as a mi'ans of securing information in 
regard to the behaviour of preserving Iluids when injected 
into timber, that one must consider, to some extent at 
least, other functions which this tissue is called upon to 
perform. 

“ If we turn to the microscopic examination of the 
wood of coniferous trees or ‘ soft woods,' which is less 
complex than that of the higiu'r seed plants or ‘ hard- 
woods,’ we find that the woody tissue is composed largely 
of minute vertically arranged c'leinents or tracheids 
which arc devoid of living contents. These cells, resem- 
bling minute tubes with closed tapering ends, are a frac- 
tion of a centimetre long and serve the double purpose 
of conducting fluids and providing strength and rigidity 
to the stem. In accomplishing the latter object the cells 
are provided with a thick, heavily lignified wall, the so- 
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called secondary wall, which is completely envxdoped by 
the thin primary wall. IJiesc layers or walls surround 
an elongated cavity or lumen through which fluids pass 
on their way to the leaves. It is quite obvious, however, 
that provision must be made for enabling fluids to pass 
easily and rapidly from the cavity of one cell into that 
of adjoining cells. The dense secondary wall, although 
hygroscopic, is not easily permeable to solutions, and is 
therefore provided with numerous pores or minute open- 



I ir;, 2^.— Diagram sliowing stnirturr of bordered pit. 


mgs called bordered ])its. Since these structures are of 
fundamental importance in the i)enetration of liquids 
through woody tissues, it is essential to examine them 
with considerable care. 

" A circular area of the secondary wall surrounding the 
minute opening or pit orifice is embossed or pulled away 
from the primary wall, forming a saucer-shaped blister 
which projects into the cavity of the cell. In the surface 
view {see A, hg. 26) this area forms a halo or bordef (D) 




Fig. 27. — Photomicrographs showing the structure of pit membranes 
in conifers. 
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about the opening (E) in the secondary wall. The bor- 
dered pits of adjacent cc'lls are exactly opposite to one 
another and form a row of lens-shaped ca\’ities (see 5 and b, 
fig. 27) which communicate with the cavities of the two 
cells by means of the two openings (E) in the adjacent 
walls. C ommunication between the two cells is inter- 
rupted, however, by the primary walls, which in this region 
become very thin and form a delicate membrane (F) which 
divides the lens-shaped cavity into two plano-convex 
ca\'ities (B, fig. zb). The dividing membrane possesses 
a circular thickened area (F*) called the torus, which acts 
as a valve. Before sufiicient pressun' can be brought to 
bear upon the delicate membrane to rupture it, the torus 
is forced to one side or the other, sealing more or less efft'C- 
tiv('ly one of the openings in th(‘ secondary walls (sec C, 
fig. 26, and also 'I and 3, fig. 27). 

“ Tlu- necessity for these delicate and complicated 
valve-like structures is xam when it is tak(‘n into considera- 
tion that water, in passing from tlie roots to the kaives of a 
tall tree, must pass through a large number of minute cells 
which are less than a centimetre in length. Not only 
must the aqueous solutions pass through a large number of 
cell walls, but at times they must do so comparativi'ly 
rapidly. The bordered pit is designed, therefore, to 
expose a relatively large surface of very thin, permeable 
membrane without seriously impairing the strength and 
rigidity of the secondary wall. 

Dclailed structure of the pit membrane. — 1 1 is acommonly 
accepted fact among physiologists and anatomists that in 
conifers the wood cells or traclieids are entirely enclosed 
in the thin primary membrane. In the region of the bor- 
dered pits the ‘ primary wall ' may be greatly reduced in 
thickness, but although very permeable to water containing 
salts and gases in solution, it is supposed to be impervious 
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to undissolvcd gases and finely divided solids, and more or 
less impervious to lieavy oils and other heavy or viscous 
liquids. This conclusion, that the primary wall or mem- 
bram' is impi'rforated even in the region of the bordered 
pits, is based upon two lines of evidence. Careful micro- 
scopic examinations have failed to reveal perforations in 
pit membranes. (Russow, Niigcli, Strassburger, and 
others discovered that the pit membrane was not homo- 
geneous throughout, but fre(]uenlly composed of fine 
alternating radial bands of thinner and thicker wall sub- 
stance. They concluded, howe\'er, that the membrane 
was unperforated.) In addition, numerous experiments 
in injecting freshly-cut gieen wood with water containing 
powdered solids and h('a\’y li(|uids, e.g., Sadi’s cinnabar 
and mercury experiments, have led to the same conclusion, 
that tilt' ])it membranes are entire in the wood of a living 
tree. • 

“ This fact afforded, apparently, a satisfactory explana- 
tion of the difficulty in forcing air through green wood ; 
the use of salt solutions, but not cnaisote, in the Boucherie 
and kyanizing processes ; the necessity for jindiminary 
steaming or seasoning in the Bethel^ process, etc., etc. 

" The question may well be raised at this point, since 
Tiemann’s ‘ slit ’ hypothesis cannot Ix' accepted as con- 
clusive, wliat structural change, if any, produces the 
difference in the behaviour of green and seasoned wood? 
It occurred to Prof. Bailey that the delicate pit mem- 
branes were ruptured by the shrinkage of the cell walls in 
drying. To determine conclusively by microscopic exami- 
nation whether the pit membranes are ruptured in a given 
piece of seasoned timber is diflicult, since it is not easy to 
eliminate the possibility that the ruptured condition was 
produced by the process of sectioning. However, by 
embedding material in nitro-cellulose and subsequently 
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cutting sections with a \'ery sharp microtome knife, Prof. 
Bailey was able, in large measure, to overcome this difti- 
culty, and to determine that in many pieces of seasoned 
wood the pit membranes had been ruptured by the 
shrinkage of the cell in drying. In order to test this point 
exp)erimcntally he injected the thoroughly air-dried wood 
of several conifers with an aqueous mass containing very 
finely divided particles of carbon held in suspension. 
Obviously this dark-coloured li(]uid could penetrate only 
when actual openings existed in the cell walls. Subse- 
quent examination of the material revealed the interesting 
fact that the penetration from one cell to another o('eurred 
entirely through the bordered pits. 5, fig, 27, a longi- 
tudinal section of air-dry sequoia h(‘art-wood, illustrates 
the penetration of the carbon particles from one cell to 
another. The tfacheid in the centre of the photomicro- 
graph is entirely filjed with the dark-coloured mass. The 
carbon particles are passing through the chain of bordered 
pits into the adjacent cell cavity on the right. It may be 
noted that the bordered pit in the centre of the photo- 
micrograph is partly filled with a resinous substance and 
slight penetration occurs. At the extreme left is a so- 
called ‘ medullary ’ ray, which, with carbon particles of 
this size, remained impenetrated. (>, fig. 27, illustrates a 
tangential section of the ‘ summer wood ’ of an ordinary 
long-leaf pine paving-block. Since the heavy tar oils had 
penetrated almost exclusively the dense bands of ‘ sum- 
mer wood,’ it is significant, in view of Weiss’ theory, that 
the penetration from one cell to another takes place by 
means of the bordered pits, and not by cracks or ‘ slits ’ 
in the thick secondary walls. 

"As a ‘ control ’ for these experiments Prof. Bailey 
tested the penetration of the carbon mass with pieces of 
freshly-cut green sap-wood. A deeper and easier penetra- 
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tion was secured in green material of white pine, pitch 
pine, spruce, hemlock, larch, and cedar than could be 
secured in the same material after thorough kiln or air- 
drying. In both cases the material was subjected to 
similar temperatures (i8*3°C,, 65°F.), pressures, and 
duration of treatment. At first negative and positive 
pressures of approximately one atmosphere were used. 
In order to obviate the possibility that the membranes 
were ruptured by these pressures, two series of tests were 
made. In the first, experiments were made to determine at 
what pressure the pit membranes could be broken. With 
pressures up to 250 lb. per sq. in., the maximum capacity 
of the pressure cylinder used, the membranes of all coni- 
fers remained unruptured. This was undoubtedly due to 
the valve-like action of the torus which has been de- 
scribed earlier (see C, fig. A), and 1 and* 3, fig. 27). A 
second scries of experiments was thenjnade to test tht' 
penetration of the. carbon mass under very slight hydro- 
static prc.ssurc. Hartig showed that if a stick of freshly- 
cut green sap-wood several inches long was held in a 
vertical position and a drop of water placed upon the top, 
it disappeared very quickly and appeared at the lower end 
of the stick. Prof. Bailey repeated this experiment, 
connecting the upper end of the stick to a rubber tube of 
a few cubic centimetres' capacity. If a sufficiently dilute 
solution of tlie carbon mass was used the water passed 
rapidly through the stick carrying the carbon particles with 
it. 4, fig. 27, a longitudinal tangential section of freshly-cut 
green white pine sap-wood, shows the carbon passing from 
one tracheid to the next, through the membranes of the 
bordered pits. On the left two tangential pits filled with 
carbon arc seen in surface view. 8, fig. 27, illustrates a 
radial section of the same wood under high magnification. 
The carbon particles are seen to penetrate the membrane 
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in a rim about the torus and in lines radiating outward 
from it. Thus the Iholessor was forcx'd to the conclusion 
that the pit membranes in the tracheids of living coniferous 
trees are not entirt' as has [ueviously been supj)osed, but 
are perforated by extoauely minute openings, which are 
located in the thinner radii of the membrane. 

" The next step was to subject coniferous woods to a 
microscopic examination to determine if these perforations 
were \'isible under the highest power of the microsco])e. 
This proved a difficult undertaking owing to the minute 
size of the structures under obser\'ation. Special methods 
of sectioning and staining wen* essential owing to the 
peculiar structure of the bordert'd pits. However, fairly 
satisfactory results were* finally sia'ured by cutting ex- 
ceedingly thin sections (2 micra). In this way it was 
possible to cut away one of the embossed areas of the 
secondary wall, exposing to view the membrane and torus. 
By careful staining and the use of very high magnification, 
the detailed striu tiire of the iiKMubrane ('ould in many 
cases be succi'ssfully stiidual. 7, fig. 27, illustrates in a 
diagrammatic manner the structure of the pit membrane 
In the centre is the thickiaied portion of the nuMubrane or 
torus. Surrounding the torus is the thin, permeable 
portion of the pit membrane. This is si'en to be com- 
posed of alternating bands of denser and thinner mem- 
brane substance. The perforations are local ixl in the thin, 
lighter-coloured radii of the uK'iubrane. They are ex- 
tremely variable in'size, and may in certain species increase 
in size or coalesce to form larger and more conspicuous 
openings. 9, fig. 27, illustrates an unusually coarse type 
of perforation which sometimes occurs in the wood of the 
larch. 

" It may well be asked, in view of the perforated struc- 
ture of the pit membranes, why it is that gases cannot be 
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forced easily through long pieces of green wood and through 
many specimens of thoroughly re-soaked dry wood. This 
is, I believe, due to capillary or surface-tension phenomena 
combined with the valve-like structure of the bordered 
pits. If w{' have an aqueous solution on both sides of the 
pit membrane shown in 2, fig. 27, and the molecules or 
minute particles of water are set in motion by a slight 
pressure, tliey are free to pass easily and rapidly from one 
ei'll to another through the perforations in the pit mem- 
brane. \ow let us suppose, that we force air into either 
of the cells. Tlu' watc'r will be gradually driven out until 
the air comes in contact with th(^ pit membrane. As soon 
as this ha|)pens the surface tension of the water in the 
minute openings of the membrane resist the further 
penetration of the air. W’hen additional pressure is 
applied to force the water from the perforations this mem- 
brane is forced to the side and the tmus seals, more or 
less effectively, the opening in tlie secondary wall {see i 
and j, tig. 27). If a vc'iy short j)iec(.‘ of wood is used so 
that the air has to penetrate only one or two membranes, 
it is sometimes possible to punij) air through green wood, 
(hi the other hand, if there are numerous membranes to 
be encountered, capillarity or surface tension and the 
valve-like structure of the tori effectively prevent the 
penetration of air, even under heavy pressures. The fact 
that re-soaked dry wood is, in many cases, somewhat less 
impervious to air than unseasoned material is probably 
due to the rupturing of the pit membrane during the pro- 
cess of drying. 

“ Summary and conclusions : 

“I. Wood is a highly specialized and complex plant 
tissue, designed primarily to conduct aqueous solutions 
and to give strength and rigidity to stem and branches. 

“ 2. It is extremely variable in different species and 
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even in difieront parts of the same individual, due to 
variations in the functions which it is called upon to 
perforin. 

“3. Coniferous woods, or 'soft woods,’ arc composed 
largely of minute cells, or tubes, with closed ends. Liquids, 
in passing through this tissue, travel primarily in the 
cavities of the celts, and pass from cell to cell by means of 
delicately constructed valves or bordered pits in the cell 
walls. 

4. The membranes of the bordered pits are not always 
entire, as has been previously supposed, but possess (in all 
species examined) numerous minute perforations, whost‘ 
presence may be demonstrated by careful microscopic 
examination and by experimental means. 

“ 5. When wood is thoroughly dried, no structural modi- 
fication, such as the rupturing of the cell walls, is essential 
in order to accouht for the penetration of gases and pre- 
servatives into seasoned wood. 

"6. In green wood, the bordered pits and membranes 
are very permc'able to acpieous solutions, but an' com- 
paratively impervious to undissolved gasi's, and to 
oils and other heavy or viscous liquids. This is du('. un- 
doubtedly, to caj)illary or surface tension phenomena 
and the valve-like action of the torus. 

" 7. Dry wood (except when the cells are clogged with 
resins or other secretions) is very jK'rmeable to gases, since 
water is no longtu' present to resist the passage of the gases 
through the perforations in the pit membranes. 

“ 8. Whenever preservatives are injected rapidly into 
green or seasoned wood, the penetration takes place 
primarily through the cavities of the cells, and the [)re- 
servatives pass from one cell to another through the 
bordered pits. 

" 9. Rupturing of the pit membranes was found in some 
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specimens to be concomitant of the process of drying, and 
may account for the fact that in certain cases re-soaked dry 
wood is less impervious to air than green material. 

“ 10. The impregnation of wood by modern commercial 
;nethods is a complicated chemical, physical, and anato- 
mical problem, since any given phenomenon may be the 
result of nunK'roiis interesting chemical, physical, and 
anatomical factors. 

“Fig. 27 shows at (1) tangential section of secjuoia 
showing sectional view of the bordered pits. The mem- 
brane and torus are seen to occupy a medium ]X)siti(m 
between the two arching cell walls, x 1,200. (2) Tan- 

gential section of hard pine showing sectional \’iew of 
bordered pits, 'fhe tori ha\i' Ix'en pressed against the 
left-hand orifices by excessive j)ressure, x 1,000. (3) 

Tangential section of hard pine* showing sectional view of 
bordered pits. The torus in this case is* thin nnd flexible 
and has been jammed into the right-hand orifice so firmly 
that it appears bow-shaped, x t,ooo. (4) Tangential 
section of freshly-cut green white j)ine sajxwood injected 
with a ('arbon mass. 'I'he minute carbon jiarticles are seen 
to penetrate from one cell to another by tlu' bordered pits, 
X 700. (5) 'Fangential section of seejuoia heart-wood 

showing the penetration of ('arbon mass from one tracheid 
to another through the numerous bordered pits, x 500. 
(6) Tangential section of the summer wood of a common 
long-leaf piiK; [lax’ing -block. The heavy tar oils are seen 
to penetrate by iikmus of the bordered pits, x ()00. (7) 

Diagrammatic drawing of pit membrane and torus. The 
perforations are seen to occur in the thinner bands of 
membraiK! substance, x 3,500. (8) Radial section of 

freshly-cut green white pine saj>wood treated with a 
carbon mass. 'Fhe carbon particles are seen to j)enetrate 
the pit membrane in a rim about the torus, and in lines 
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Laboratory Analysis after Treatment v. Actual 
Record during Treatment. 

In a paper read at the annual meeting (1915) of the 
American Wood Preservers’ Association, by Mr, Frank 
W. Cherrington, entitled “ Laboratory Analysis after 
Treatment, versus Actual Record during Treatment of 
('reosoted W'ood Paving Flocks,” the author makes the 
following statement : ” Owing to the remarkable varia- 
tion in the structure of wood it is only possible to accurately 
determine the average quantity of creosote oil injected 
per cubic foot of timber by close observations of the 
proper treating gauges, and automatic recording devices, 
at the creosoting plant during the actual process of 
treatment. The composition of the timber is of so complex 
a nature that scarcely two wood paving-blocks are identical 
in structure, even when cut from opposite ends of the 
same plank of average commercial kmgth. This is true, 
regardless of the most careful commercial specification 
as to lumber, limiting the percentage of heartw'ood, 
number of annual rings to the inch, etc. Therefore, 
although treated under the same temperature and same 
pressure, scarcely two wood paving- blocks will have the 
same degree of penetration or absorption.” The following 
are given as some of the reasons for this variation in 
structure: "Some of the blocks are necessarily manu- 
factured from timber coming from the heart of the tree, 
and some from the exterior portions of the tree. The 
oven dry weight of the sap-wood is often but two-thirds 
that of the heartwood. A cross-section of a tree cut 
from its base will be an entirely different structure from 
the cross-section cut from the middle or top. Timber 
growing on the side of a hill will be different from that 
growing on high or low ground. Some trees will gro^v 
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at the edge of the forest and others in the interior. A 
piece of timber cut from the north side of a tree wijl show 
a different structure from that cut from the south side. 
A rapidly growing tree will have a different structure 
than that of a slow growth timber of the same species. 
Thus it is seen that environment is largely responsible 
for the complexities in the wood structure of a tree." 

A writer in Bulletin 101 of the Forest Service, United 
States Di'partment of Agriculture, referring to the relative 
ix'sistance of various conifers to injection with creosote, 
says: "It is very difhcult and sometimes apparently 
impossible to secure uniform treatment of wood with 
j)resorvativcs. If, for example, an average treatment is 
given of ten pounds of creosote per cubic foot, some pieces 
of wood in a cliarge will receive twice thv average? amount, 
while others will receive less than lialf of it." 

From the above Mr. ClaTrington considers that th(‘ 
selection of a dozen or so of blocks from a caiload of 
some 15,000 individual blocks for analysis by the chemist 
can only be unsatisfactory. And besides, he observes 
that the linal result obtained from laboratory analysis is 
liable to be in error. The human element, volatility 
of the creosote oil, ditliculty in separating the injected 
creosote oil from the natural resin, impossibility of ex- 
tracting all of the injected oil, etc., etc., dl tend to reduce 
tlie ])recision of the result. The possibility of an error 
in laboratory extraction and analysis, combined with 
the variation of the wood structun', df)ubh*s tlu* chance 
for inaccuracy and detracts from a precise (.•stimation 
of the average amount of creosote oil initially injected 
into the wood. 

When some blocks amongst a large number treated 
at the same time show a less p(iietration, it is generally 
safe to assume that those blocks are incapable of taking 
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lip the oil on account of their pores bein^^ already filled 
vvith resin, and it is said that such blocks have never given 
any trouble in practice. 

In concluding this chapter an observation made by Mr. 
Howard F. Weiss, Director, Forests Products Laboratory, 
Madison, Wis., in a communication to the Journal of 
Industrial and Engineering Chemistry, may be appro- 
priately quoted, viz., that “ the depth to which oils can be 
impregnated varies as some inverse function of the vis- 
cosity.” 



CHAPTER V 

The Preservative Treatment of Wood (continued) 

The Open Tank or Immersion System : lifficiency of — Apparatus 
required. 

The open Tank or Immersion System. 

open tank or immersion system of impregnating 
A wood with a suitable antiseptic or preservative 
solution is carried out in two ways. The first or simplest 
method consists in steeping the timber in a cold solution 
of the preservative in a suitable tank until such time as 
the wood has become sufficiently impregnated. 

The hot process requires the provision of a furnace to 
enable the temperature of the antiseptic solution in the 
tank to be raised to the desired point. The antiseptic 
most frequently employed in the open-tank or immer- 
sion system is creosote or dead oil of tar, but many other 
preservatives are available. 

The open-tank hot or boiling creosoting process allows 
of two steeps a week being made*. The creosote oil should 
be heated up to 93'"C. (199- 4°F.) for 8 to 10 hours, the 
whole of the working day, and allowed to cool during the 
night. This operation is repeated the next day, and when 
the creosote oil is quite cool the timber can be extracted. 

The open-tank cold process occupies from nine to 
eighteen days, the time taken in absorbing the agent 
depending greatly upon the species of timber being treated. 
In both of the above processes especial care is necessary 
to see that the timber is thoroughly dry before treatment. 
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Efficiency of Open-tank System. 

Regarding the efficiency of the open-tank method of 
preserving wood, Mr. Rowe observes that sleepers, and 
any wood that will make a good paving-block, must be 
well dried before it can be properly impregnated by this 
method, and this seems to be the secret of success. Mr. 
Card, of the Chicago Tie and Timber Preserving Com- 
pany, states that the open-tank method of creosoting will 
undoubtedly produce good results if it is conhned to the 
treatment of blocks, shingles, posts, etc., or, in other words, 
small dimension lumber, and it will not be successful in 
this case unless the utmost care is taken in the seasoning 
of the lumber before treatment. As regards the treatment 
of sleepers by this method, he says that a loblolly pine 
sleeper, provided it is thoroughly seasoned, would prob- 
ably absorb the greatest amount of solution in the least 
time, but any other class of slecj.^:^- treated on the 
open-tank method would take from two to three weeks to 
absorb the same amount of solution that could be injected 
under 100 lb. pressure per square inch in 4 hours' time. 

The process is used to a considerable extent in the 
United States for treating the butts of telegraph poles, 
and is stated to be found suitable for treating cypress 
and various kinds of pine. 

Apparatus for Open-tank Process. 

The plant required for carrying out the open tank 
process, which is the oldest method of applying preser- 
vatives, is simple and inexpensive. 

Fig. 29 shows an apparatus for steeping wood by the hot 
process. The plant consists of a steeping tank, a storage 
tank, pump, drain cock, funnel, furnace fittings, and the 
necessary piping. The steeping tank is rectangular in 
shape and fitted with a flat bottom. It is constructed of 
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mild steel } inch thick, and strengthening bars are pro- 
vided down the sides and along the bottom in suitable 
positions. The rivet seams are so placed 'as to suit the 
flames from the furnace, and the entire tank is riveted, 
caulked, and tested for boiling creosote. An angle flange 
is also riveted round the top edge of the tank, and holding- 
down bars are provided. 

The tank is mounted as shown upon a brick furnace 
having a cast-iron door and frame, and a set of lire-bars 
and front and back bearers are provided. At the rear end 
of the furnace is a funnel made of mild sheet steel of 

No. 10 W.G., having 
a square base at its 
bottom e n d f o r 
mounting on the 
brickwork, and a 
flap damper fitted 
on the top. 

At the side of the 
steeping tank, and 
partially sun kin the 
Fig. 20. — Tank for steeping timber by the ground, is a Storage 

tank for the pre- 
servative or antiseptic solution. This tank is built of 
mild steel and is cylindrical in shape, and is, as will be seen 
from the illustration, })laced below the level of the steep- 
ing tank. It is provided with a manhole and strainer 
through which the antiseptic solution is inserted. A 
double-acting semi-rotary Wing pump is bolted to the 
side of the steeping tank with a delivery bend dis- 
charging into the latter, and a suction pipe fitted with 
a foot-valve leading into the storage tank. At the front 
end of the steeping tank and at the bottom comer 
nearest to the storage tank is fixed a drain cock with 
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bend flange and pipe connected with and discharging by 
gravity into the storage tank. 

The ‘above apparatus is designed by Messrs. George 
Black & Sons, Berwick-on-Tweed, and is made by them 
in various standard sizes ranging from the smallest which 
has a steeping tank 12 ft. 6 in. in length by 5 ft. in width by 
3 ft. in depth, and having a storage tank with a capacity 
of 800 gallons, to the largest having a steeping tank 20 ft. 
in length by the same width and depth, with a storage 
tank a capacity of 1,200 gallons. 

Where steeping in cold solution is practised, the appara- 
tus used is similar except that the furnace fittings and 
funnel and brickwork flues are dispensed with. 

Another pattern of open steeping tank is one con- 
structed with doors at one or at each extremity. The 
door or doors can be closed and form a fluid-tight joint or 
joints when the wood to be treated is in the tank, and the 
charge of antiseptic or preservative solution is admitted. 
In this arrangement of steeping tank a line of rails can be 
fixed in the bottom and the wood to be treated run in and 
out on trucks. 



CHAPTER VI 

The Preservative Treatment of Wood (continued) 

'I he Pressure System : Advantcages of the Pressure System — 
Points to be Considered in Carrying out Impregnation — 
Fundamental Points to be Considered in Plans of Wood 
Preserving Works — Examples of Standard Plants Working 
on the Pressure System — Tram Cars for Charging Retorts — 
Wheels and Axle Boxes for Cars— Bail Fastenings for Cars 
— Bumpers or Buffers — Coupling J.inks and Hooks — 
Examples of Complete Cars — Prices of Charging Cars — 
Loading and Unloading Charging Cars — Hydraulic v. Air 
Pump for Forcing Preservatives into Retort. 

The Pressure System. 

T he chief objects to be aimed at are : firstly, to en- 
sure as thorough a saturation as possible with tht‘ 
preservative solutiop of the entire portion of the wood 
capable of saturation ; secondly, to introduce into the wood 
only sufficient solution to effect the above object ; and 
thirdly, to so introduce the solution as to cause no injury 
to the wood. 


Advantages of the Pressure System. 

Where a considerable quantity of timber has to be 
treated and time is naturally a matter of primary 
importance, the pressure system is the most suitable. 
The time occupied in treating a charge of wood in a pres- 
sure cylinder or retort is only about as many hours as 
the number of days that would be taken to impregnate a 
charge of wood on the hot or boiling immersion system 
in an open steeping tank, and the cold immersion system 
occupies almost as many weeks. The advantages of the 
pressure system, moreover, are more marked when hard 
woods have to be treated. 
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Points to be Considered in carrying out 
Impregnation. 

The preparation of the wood consists essentially in the 
extraction of the liquids and semi-liquids which consti- 
tute the immature portion of the wood, and are contained 
in the interstices between the fibres, without softening 
the cement binding of fibrillae or bundles of cellulose 
tissue which form the solid or fully-matured portion of 
the wood. The above operation removes all those portions 
of the tissue which are liable to fermentative action, and 
the value of artiftcially-preserved wood depends entirely 
upon its successful accomplishment. 

The amount of pressure to which the wood is sub- 
jected in the retort during impregnation is a matter of 
considerable importance. A high pressure tends to 
expedite the operation, but it must not bp overlooked that 
too high a pressure is liable to cause injury to the fibre of 
the wood, by forcing in more of the agent than the natural 
voids can hold. 

The general opinion amongst experts seems to be that 
pressures of from loo lb. to i8o lb. per square inch are 
the most advantageous, the higher pressures being re- 
quired for creosote oil and the lower for other agents. 
Besides injury to the wood, over-pressure also causes a 
considerable waste of the agent, as when an amount of 
the latter in excess of the absorptive power of the wood 
has been injected, the surplus will waste out after the 
wood has left the retort and be lost. A considerable 
pressure in the retort, even as high as 300 lb. per square 
inch, may not at first affect the strength of the fibres of the 
wood to any appreciable extent, but it may be the cause of 
serious consequences in after years. 

Should the treatment be carried out at too low a 
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temperature, or for too short a period, only the sap or 
liquid part nearest the surface will be removed, and the 
space receiving the preservative agent will not 'be suffi- 
cient. Conducting the operation at too high a temperature, 
or for too long a period, on the other hand, will result in 
the resinous portion of the bundles of fibrillse becoming 
softened and the elasticity of the wood being reduced 
in a proportion corresponding to the decrease in the 
coherence of the hbrilke. According to the practice of 
the Norfolk Creosoting Company, U.S.A., the temperature 
should never be less than I0(C(\ or exceed 

130X. (266°F.). 

The absorption of preser\-ative during the filling and 
heating, or initial absorption period, has been found to be 
least when no preliminary vacuuin or air ])ressure was 
used, and gri'atest when high })reliininary air pressures 
were used. The time required to lill the retort generally 
varies from about 20 minutes, when pn'liminary vacuum 
is used, to about 40 minutes, when a preliminary air 
pressure of 75 pounds is used. 

Of the two possible methods for the removal of the un- 
desirable portions of tlu? timber, viz. exposure to currents 
of dry air ; and steaming under pressure, with an after- 
drying in a vacuum, the latter is reepmmended as the 
best practice. Although the first method would seem 
to be the least likely to modify injuriously the physical 
structure of the wood, in actual working this is found not 
to be the case. With proper manipulation, a more 
thorough desiccation, without harmful change of the 
organic structure, can be accomplished in twelve hours 
less by the latter process than is ever possible with air 
drying, which, under the most favourable circumstances, is 
a long drawn-out operation, and, in any case, cannot do 
more than extract the water from that portion of the sap 
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which has not yet reached the semi-solid stage, thus 
leaving in the tissues of the wood a very considerable 
amount of resinous matter, which occupies space that 
should be ready to receive the preservative agent. The 
consequence of this is a failure of the oil to reach many 
of the interfibrous passages, which arc either left empty or 
are filled with the gelatinous part of tlie half-matured 
growth cells in which are to be found th(‘ conditions that 
make putrefaction ]X)ssible. In order to remove the sap 
from wood, it is first necessary to vaporize it and then 
to bring about such external circumstances as to allow 
of the outflow of all gaseous matter from the interior of 
the wood. To vaporize the sap it is necessary to break 
down the walls of the cells containing the liquid and the 
semi-licjuid substances. This can be readily accomplished 
through the agency of heat applied through the medium 
of a moist steam bath at such a pressure as to keep the 
temperature of the wood and its surrounding atmosphere 
somewhat above the boiling point of the sap. The 
maintenance of this condition for a few hours is said to 
be found to be quite sufficient to break down the sap- 
cell tissue, and to vaporize all those constituents that it 
is desirable to withdraw. This point having been reached, 
the steam bath is discontinued, and the temperature 
being maintained at, or slightly above, the vaporizing 
point of the sap, tlu' pressure of the atmosphere surround- 
ing the wood within the retort is reduced below that of the 
interior of the wood. The result of this condition would 
be an overflow of vapour and air, continuing until equi- 
librium was restored. This equilibrium is prevented by 
the use of an exhaust pump until the absence of aqueous 
vapour in the discharge from the pump indicates the 
completion of the operation. At this stage the tissue is 
in a state very like that of a sponge cleared of hot water, 
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every pore is gapiiii^ open and ready to receive the 
agent. 

With regard to the value of preliminary steaming, the 
following opinion is expressed in a re}X)rt of the Com- 
mittee on Miscellaneous Subjects to the American Wood 
Freser\ers‘ Association at the tenth annual meeting held 
at New Orleans [annary r()r4. The report is of consider- 
able interest as it a]>]X‘ars to settle the (piestion as to the 
prevailing American prac tice, and that, moreover, from 
ascertained facts, and not meri'ly from theories. The 
following are the conclusions and recommendations 
arrived at ; 

“ I. All elficieiit plants should be e(|ui])ped to steam 
material when ocx'asion requires, and the best method of 
introducing and distributing steam in tlie retort or cylinder 
is by means (T pi'rforated pipes. 

‘'2. Steaming ot ties, timber, and lumber is apparently 
not injurious to the wood, if tlu' work is conducted intelli- 
gently and within c'ertain limits of temperature and 
duration. 

“ 3. It is difficult to inject any considerable quantity of 
preservative into green ties and timbers unless given a 
preliminary steaming or boiling in oil. One of the 
principal factors influencing the absorption of any kind 
of preservative is the moisture content of the wood — 
the dryer the wood the more it will absorb, conseqiumtly 
the more thorough the treatment. 

“4. The object of steaming is to put the wood in a 
condition to secure the maximum penetration with the 
desired amount of preservative, and admits of the im- 
mediate treatment of green or fresh-cut material. 

“ 5. Theoretically, steaming of green material prelim- 
inary to air-seasoning should materially reduce the period 
for air-seasoning. 
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"6. A maxiiiniin steam temperature of I38"C. (280-4'’ 
F.) should not be exceeded^ 

" The maximum steam temperature of I38°C. should not 
be maintained for a longer period than three hours. The 
maximum temperature of the steam should be reduced 
after a period of three hours to not more than i2i°C. 
(249-8°F.), and maintained at this temperature, or less, 
for the remainder of the steaming period. 

“ 7. Under like conditions, chloride of zinc will penetrate 
the wood considerably more readily than creosote oil. 

“ 8. During the process of steaming a considerable 
amount of condensed steam remains in the wood, which 
to some extent resists the entrance of the fluid. The 
liberating of this condensation, after steaming, may be 
accomplished by subse(iu(‘nt drying in open air or in 
drying ovens. 

‘ 9. Inasmuch as it has been clainv.‘d to have been 
demonstrated in actual practice that lumber, given a 
preliminary steaming season in open air, or in drying 
kilns, in one-third less time than is re{}uired when not 
steamed ; therefore, we recommend that the Forest 
Service and members of the Association make tests and 
experiments during the current year to determine what 
influence steaming ties and timbers has on the rate of 


* 'I'liis temperature (jSo"!-'.) is alsw given fur green (jr un- 
seasoned timber in tlic “ Report of a Committee on Plant Opera- 
tion," American Wood Preservers’ Association, 1915. In a 
report of a Committee on Specifications for the I’nrchase and 
Preservation of Treatable Timber, read at the same meeting, 
however, it is stated that the temperature in the treating cylinder 
should never be raised above lib'd^'C. (2r)0°F.) in steaming, nor 
above 93-3°C. (ioo^F). during oil immersion. In the boiling 
process it is considered that the oil temperature may be increased 
to 104-4°C. (22o°F.). The minimum duration of treatment, 
except with easily penetrated woods, should, it is said, be equi- 
valent to one hour for every radial inch on the sticks treated. 
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seasoning, when subsequently piled in open air or dried 
in drying ovens, keeping a careful record of (Jetails of 
the effects produced by preliminary stc^aming, and cost 
of same. Also conduct simultaneously a series of tests 
without preliminary steaming for purp{)se of com- 
parison.” 

To ensure succi'ss recpiins most carelul attention and 
skilful management, and. of ('onrse, tlu* provision of 
ade(|uate and suitable appliances. The attainment of a 
more or less perfect product demands the consideration of 
the following points : the wide divergence in tlie char- 
actt-ristics of timber ; th(‘ varying amounts of sap du' to 
the lapse of time since, and th(‘ season in which, the tree 
was felled ; its possible subsequent immersion in water 
for a longer or ^horter time ; the character of the soil and 
the conditions under which the tree grew, whether in a 
dense forest or a 4 0inparati\ i'lv opcMi country ; whether it 
is of a rapid, even growth, or of a slow, intermittent one. 
To an experienced operator these' conditions indicate in 
each case the proper course to be pursued, and failure to 
observe and to take them into consideration is to invite 
indifferent, uncertain, and, in the' end, unsatisfactory 
results. 

Of almost eejiial importance is a proper unde'i'standing 
of the circumstances under which the finished product is 
to be used. Timber for piers, wharves, and other struc- 
tures in tropical waters demand pro('('SS(‘s and degrees of 
thoroughness of treatment that are umu'cessary in the 
harbours of more temperate climates, which latter are 
in turn more exacting than land and fresh- wat('r con- 
structions. 

Ties or sleepers should be bored and adzed before eat- 
ment to ensure uniform bearing and maximum penetration 
under the rail seat, Although sawn tics may have a 
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uniform surface, tfic boring increases the penetration 
at the point where it is most needed. 

A committee of the American Wood Preservers' Associa- 
tion, as th(‘ result of extensive inquiries, have arrived 
at the following conclusions as to the preliminary treat- 
ment of red oak tics : ^ (i) ]<(‘d oak ties can be treated 

satisfactorily wIk'u air seasoned for ten months, if the 
summer months are included. (2) Red oak tics may be 
treated satisfactorily when air seasoned for six months, 
|)rovided artilicial seasoning is employed as an adjunct. 
(’) For practical reasons the period of seasoning, to 
determine whether red oak ties are ripe for treatment, 
should govern, {u) However, if boring test is used, the 
core withdrawn with an increment borer should appear 
dry for a depth of two inches, (b) If weight is used, the 
weight per cubic foot should not exceed 52 pounds. 
(c) If moisture determination is resortedto, a test should 
indicate not to e.xcecd 22 per cent, of moisture in the tics. 
(4) Artificial seasoning of red oak ties apparently has 
not been suOicieiitly developed to justify a conclusion 
from the replies. 

Fundamental Points to be ('onsidi:ked in Pl.vns 
OF Wood-Preserving Works. 

The following j)oints are given by Mr. Kowe as the 
result of extensive experience in the United States : 
“ (i) That the works sliould be proportioned throughout 
to secure the desired output. (2) That each part should 
be proportioned to do the desired work, and at the same 
time so porportional to all the other parts that there will 
be no useless or surplus capacity or useless cost (3) That 

1 See also Appendix, page 298, table giving method of treating 
red oak tics that should be employed for different periods of 
seasoning. 
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each part perform its function in the most direct and in 
the simplest manner. (4) That every part be of the best 
manufacture, and the most reliable for lasting service, so 
that repairs will bo infrequent, saving loss of time and 
expensive maintenance. (5) That the working parts 
be so arranged as to be promptly operated with the least 
manual labour. (6) That the plans of all the essential 
parts be fully planned and ]wepared so that there be no 
extra labour or delay during erection. (7) That the 
arrangement of the works be siK'li that accurate measure- 
ments and weights shall b(‘ provided for, so that it sliall be 
possible to know wliat is being done at any one lime. (S) 
Tliat the operator at the works shall be thoroughly com- 
petent, experienced, thoroughly honest and faithful, so as 
to be a safeguard between th(‘ two parties concerned." 

In wood-preserving plants steam is usually used for 
operating the lic^uid and air pumps, the motive power of 
the hoisting apparatus for lifting loads, and of the hauling 
apparatus for moving loads on horizontal tracks ; also 
for steaming the wood in the ndorts, heating the oil in 
the latter, and in the storage tanks, heating the buildings 
in winter, etc. The economical use of this steam, and 
the consequent saving in the fuel bill, is therefore an 
important point. To this end it is essential in the first 
place to reduce the amount of work done by the machinery 
consuming steam to th(' lowest point consistent with 
efficient operation, and also to see that these machines 
arc working at th(‘ir highest rate of efficiency. 

Care should be taken with respect to the air and liquid 
pumps that there are no leaks and that no higher pre.ssurcs 
arc carried than arc necessary. In compressing air the 
quantity of steam used is dependent upon the volume of air 
handled, and upon the pressure against which the air is 
delivered. It is most important to see that an ample 
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supply of condensing water is available, so that the vapour 
is rapidly condensed, and the air pump has only to remove 
the vaj)our and air which cannot be condensed, h'ailing this, 
the air pump will have to boil out the steam and vapour 
by actual displacement, and not only will a much larger 
(piantity of steam be recpiired to drive the pump, but 
it will also take much longer to obtain the necessary 
vacuum. In extreme cases the time consumed may be as 
much as five or six tinu'S longer, and the loss be very con- 
siderable. Other sources of waste of steam are occasioned 
by the use of valves for draining coils instead of steam 
traps, by the bad condition of valves and pistons, by 
leaky slide \’alves, by insufficient cylinder lubrication, 
and from pijies unprotected or insufJiciently protected 
by some suitable covering of non-conducting material. 

A [iradice which is also very prevalent is to proc’ide 
an elevated tank into which the water it-upply is pumped, 
the u ater required for use in the condenser being obtained 
from this tank. If a low service pump is provided to 
operate in conjunction with (lu‘ ('ondenser, for starting, 
this raising of the condensing water to an elevated tank 
may be dispensed with and a considerable sa\’ing effected, 
as the condenser will raise its own water to a reasonable 
height, without the assistance of any pump, directly the 
vacuum is created. 

As regards the saving of fuel to be effected by the 
heating of feed water by exhaust steam. Mr. A. M. Lockett 
observes^ : “ All plants have heaters, but due to the fact 
that at the time the retort is under steam, at which time 
there is the maximum demand for steam, many of the 
auxiliaries are shut down, frequently there is not enough 
exhaust steam available to heat the water to the proper 

* Economised Use of Steam in connection loith Wood-pceserving 
Plants, American Wood Preservers’ Association, 1915. 
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Icniperaturo. Not only can a substantial saviiiL;- in fuel 
be made, but greater boiler capacity can be obtained by 
using a large covered and closed tank as an accumulator 
of hot water, this water being heated during the time 
that there is a surplus of exhaust steam.” 

The above are some of the directions in which impor- 
tant economies can be effected in the consumption of 
steam and conse(|uentlv of fuel in wood-preser\'ing works. 


Exampi.hs of Stand.vkd Plants Working (Xn 
T iir: Prfssurk Svstfm. 

bigs. 3>o, 31, and gJ show in |)lan and in side and end 
elevation a plant for tneiting wood on the prc'ssure 
system having one cylinder or retort and suitable for use 
on ('States or in small creosoting works. 

The plant is ^ design'd and made by Messrs, (ieoige. 
Black (N Sons, of Ik-rwick-on-Tweed. 'bhe retort or 
impregnating cylindi'r is built up of rings of the best mild 
double-crown boiliT- (|uality steel, placed alt(‘rnatelv inside 
and outside, and ri\elt‘d together in the same manner 
as a boiler. 'I'ln' door is strongly constructi'd and of 
cast-iron or mild steel according to the dimensions of the 
plant, and is carried by a wrought-iron crane brackt't, 
which enables it to be ('asily swung open or slmt. All 
edges of plates are planed, the rivet holes drilled by 
machinery after the plates are bent and in position, and 
the riveting wherever possible is done, hydraulically, and 
the caulking with pneumatic tools. The impregnating 
cylinder or retort is fitted with the following connections : 
Suction and discharge cocks and pipe to storage tank; 
non-return check valve ; gland-cocks for air and oil 
suction ; wheel valve and pipe for admitting air to 
cylinder when discharging the creosote into storage tank ; 




Figs. 30 and 31. — Single cylinder pressure impregnating plant. G. Black e'c Sons. Plan and side elevation 





132 


THE PRESERVATION OF WOOD 


and syphon; and sight glass and cocks with glass guard 
mounted on pillar. 

The storage tank, which has a capacity of 2,500 gallons, 
is cylindrical and, as shown, is placed below the level 
of the bottom of the impregnating cylinder or retort. It 
is constructed of mild steel plates \ in. thick with riveted 
joints. 

There are two pumps, viz., a vacuum pump for exhaust- 
ing the air from the impregnating cylinder after it is 

packed with 
t i 111 b e r a n d 
closed, and a 
force pump for 
pumping t h e 
])reservat i ve 
agent into the 
cylinder and 
maintaining it 
at the recjuisitc 
jiressure for the 
necessary time. 
Both these 
]) u m p s are 
mounted on the one cast-iron foundation, and are designed 
to stand tlie continuous working pressure required. In 
the installation illustrated these pumps arc belt-driven 
and provided with fast and loose pulleys and with belt 
striking gear. 

The power required for driving varies from 4 b.h.p. in 
the case of the larger pumps to 2^ b.h.p. for the smaller 
pumps. In the case of still larger installations the pumps 
are preferably steam-driven. 

The operation of this plant is simple. After packing the 
impregnating cylinder or retort with timber to be impreg- 



Fig. 32. — Single cylinder prcs.sure impregnating 
plant, C). Black V' Sons. F.nd elevation. 
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natcd and closing the door, the air is exhausted by the - 
vacuum pump, and the creosote oil is allowed to flow into 
the impregnating cylinder and is kept therein at the neces- 
sary pressure — from 100 lb. to 200 lb. per square inch — 
by the force pump for the required time, which varies, 
according to the nature of the wood, between two and 
three hours. 'I'he filling and emptying tap is then opened 
and the remainder of the oil allowed to drain back into 
the storage tank, after which the impregnating cylinder 
is ready for another charge. The capacity of the plant 
illustrated, with a cylinder or ndort 5 ft. diameter by 20 
ft. in length, is 450 to 500 fence rails, or about 350 posts. 

The practice in the United States, in the case of what is 
usually known as the full-cell creosote process, is to employ 
a pressure of from 100 to 125 lb. pc'r S(|uarc inch, the 
wood fibres and cells of ties or sleepers being impregnated 
with from () lb. to 12 lb. of creosote pg' cubic foot, and 
piling with from 10 lb. to 20 lb. per cubic foot. Some- 
times the wood is subjected to a \acuum at the finish to 
drain the surplus oil from the exterior of the wood and 
thus to prevent loss by drippage after the wood has been 
removed from the retorts. The time occupied in the 
treatment of ties or sleepers, omitting steaming, is 3 hours, 
including steaming 5 to 7 hours ; time occupied in treating 
timber, including steaming, 7 to ii hours ; time occupied in 
treating piling, including steaming, 12 to 24 hours. 

A simple installation, with one creosoting cylinder or 
retort, and necessary accessories, constructed by the 
Power and Mining Machinery Company, of Cudahy, 
Wis., U.S.A., is shown in plan, and in longitudinal and 
transverse sections in figs. 33, 34, and 35. This plant 
comprises one steel creosoting cylinder or retort ; a steel 
charging tank placed at a level above the retort, and also 
storage measuring and underground tanks, not shown in 
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the drawing ; tic block and bolster cars for handling the 
timber in and out of the retort ; \’aciuim pumj)S and con- 
densers for withdrawing the moisture, sa]:>, and surplus 
preservative ; general ser\'ice or tank })umps for trans- 
ferring the preservative fluid from the tanks to tlu* retort ; 
])ressure ])ump for injecting the ])reser\aliv(' into tlie 
wood cells ; centrifugal j)unn)s for transferring th(‘ 
])reservati\’(', and for agitating the hot creosote oil ; 
air ('omprc'ssor for l)lowing l)a<'k the oil from tlu* 
rc'tort to’tla' tanks, and tnr agitating and imj)rcgnat ing 
piir])oses ; pumps lor lire |)rotection ; fec'd ])umps foi' 



laa. jc. 10-turt or inijucunatini; cvliiulrr. ; It, dia, hv r.v ' ll in length, 
on trncUs roadv for shipnirnt. 


boik'rs ; feed-water heaters. oj)en and closed patterns, 
lor preheating boiler-feed work. Also necessary boilers, 
buildings, hoisting engines, locomotiws. generators, 
juotors, requisite piping, valves, s])ecial iittings, thermo- 
meters, direct and recording lut'ssmv and \ acuum gauges, 
multiplying float indicators, etc'. 

Obviously by multiplying the number of impregnating 
cylinders or retorts, and accessoric's, the plant may be 
increased to any desired capacity. 

log. 3() shows a retort or impregnating cylinder 7 ft. 
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diameter by 150 ft. in length, on trucks ready for ship- 
ment. Retorts are made by the company iij) to 9 ft. 
in diameter. The cylinder is made of extra lieaVy steel 
plate to resist corrosion, and capable' of withstanding 
a pressure of joo lb. per square inch. It is fitted with 
cast-steel doors at one or both ends, and eae'h course of 
the cylinder shell is made' up of a single' j)late' with the' 
('inannferential jejints lappe'd anel double ri\e'ted hyelrau- 
lieally with 1 inch diameter riwts, the se'ams being caiv- 
Inlly eaiilke'd ])oth in^iele' and outride-. 



I k,. 3 ;.— IVrs|)c. live view showing trades and guard rails 
inside < vlinder. 


Tracks are se'cured to the inside of the cylinder feir the' 
timber cars io run on, and guard rails are also fitted, as 
shown in fig. 37, to prevent the cars from floating and 
being derailed when the cylinde-r is hik'd with preservative 
solution. 

The door and door frame are of cast-steel and fitted 
with swing-bolts, the lower hinge having a spring attach- 
ment, as shown in fig. 38, which prevents the door from 
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swinginf^ back wlicn opeiu'd, as in lig. 37. A dovetail 
seating is pnn ided in the door frame for rccci\ ing gasket 
])acking to forni a tight joint. 

'Hie rc'tort is ])ro\’idcd witli ;dl the nccchsary pipe con- 
nections, made of ('ast-sicc'l, for Idling and discharging 
tlu' oil, and steam coils are arranged in tin' b(d1om for 
maintaining tlu' presei\'ati\’e solution at tlie j)ro})er 


I k;. cS, 1 Vis p{'(' live view slu)winj^ arran^onu'nt of ( vliiiiirr door, 
door fr.une, ole. 

tem|)('ratur('. 1 In* retort is sup})orled at one extremity 
on a niassi\'e cast-iron saddle and at tlu' other end on a 
riveted expansion saddit' whic h lests on a sole-plate. 
Jnti'rmediate snj)porting saddk's madi' to lit the shell of 
the retort are also provided. 

1 he charging tank is built of steel with closely ri\eted 
joints absolutely oil and water-tight, and being totally 
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enclosed the evaporation of the oil is reduced to a inini- 
muin. The tank is fitted with steam coils so as to 
maintain the contents at a proper temperature* 

Fig. ’,() shows a perspective view of the direct acting 
wicuum j)um|) with j('t ('oiKh'user. 


•V 




Ui 








LV 


I'Ki. 30. Porspectivf; vjcw .sliowinj^ direct aclin;,' vacmini pump uitli 
jet condenscT. 

The oil is d(^li\'ered from the tank-cars into a receiving 
or dumping tank, from which it is ('mpti('d into the storage 
tanks. From these latter it is pumped into tlie charging 
tank sitiiated (jis shown in figs, j/, and 34) above the 
retort, and th(' oil is run into the latter by gravity. 
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To facilitate tli(' rapid discliargo of the retort, an 
emj)tyinf< tank is preferably pnjxaded, from which latter 
the oil is pumj)e(l back into the cliarf^ini^ tank. Air 
receivers and pressnn' tanks are also ])rovided. 

1'h(' wacinim j)umj). ])r('ssnre pum]), tank ])iim]), heatcTs, 
('tc., are uf th(‘ wc'll-known W’orthin.^lon ])atterns ; or made 
by the Hlakt* and KnowKs Steam Pump Works, or by 
otlu r well-known maki'is. 



i'Ki- I" I 'erspert ivc view showing sh-i'prr or lie i :ir lor t li;irL;iti“, 
i vlnidor or rrtort. 


I’i^'. 40 illustrates the special dt'sif;n of car for running; 
ties or sleepers into tlu* retort made by tlu' company, 
and tig. 41 their wood paving-blo('k car. The general con- 
struction of these cars will be seen from lh(' drawings. 
Special attention is giv< n in tla'ir design to prevent as far 
as possible distortion and the consiapient fouling of the 
ears when tliey are nm into the cylinders. The wlieels 
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are made of chilled iron })ressed on the axles, and the axle 
boxes are litled with roller bc'arin^s. All the parts being 
formed in dies and drilled in jigs, perfect interidiangc- 
ability is secured. 

Jn the paving-block car special attention has been 
paid to the circulation of the oil. J looks may b(' fitted 
for ('iigaging the gnard rail. The truck and bolster cars 
for piling and long liml)ers an* of tin* ])att('rns nsnally 
t'lnployed. 


h'or di'tails of 
c()nstrii('tion of 
a n u in b r of 
different ('ars 
used in r.S. 
practice, sec 
])ages 130 to 
171. 

Fig. 42 is a 
per s j) (* c t i \’ e 
\ iew, hg. 4J is 
a general plan, 
hg. 44 shows a 
longitudinal 
and tigs. 45 and 

46 show cross sections of a ])lant ha\ing a multiplicity 
of impregnating cylinders or retorts constructed and 
erected by the AlIis-( halrners ( ompanv at Somerville, 
T(c\as. 



'• 1 1 . I V r.s|K‘t:t 1 \'r vii w sliowiiiij; wnorl pru iiiL:;- 
Ic c.ir lor clKirLiinc < \lii)(|cr or r< titii. 


'Idle commercial sizes of the retorts madi' by the above 
company are as follows : 72 ins. diameter and 74 ins. 

diameter by‘42 ft., 52 ft., 108 ft., and 132 ft. in length ; 
84 ins. diameter by 108 ft., and 132 ft. in length ; and 
108 ins. diameter, by 132 ft., and 150 ft. in length. 
The shells of the retorts are made of the very best open- 




I'u',. I J. -Multipit,' t\lm(li.'i inessui'o iiii^ncLinatiug [ilaiU, 
AlliS'Chalim r.s Cd. ( a-iieral \ lew dl works. 


bolts, or what is known as a “ s[)idcr door ” with rent re 
screw and lover nnt arranged so tliat each lew'r has inde- 
pendent connection to the frame, such as that shown in 
front and side elevation in tigs. 47 and 4S. For high 
pressures an improved “ spider ” door, with centre screw 
and lever nut arranged so that the levers are connected 
to the frame by a continuous flange ring, would be found 
suitable ; or a solid cast-steel bolted door with tee-head 
^wing-bolts, such as that shown in front and side eleva- 







•Multiple cylinder pressure impregnating^ plant. Allis-Chalmcrs Co. Longitudinal 
.and cross st^ctuins. 
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I'l'i. 31.-0 ft. 2 in. cliamcU-r ret<»ii, each car 
loaded with tliiil y-eiglit ties or sleepers. 
Cross-section. 


inixiiirc of gni- 
phitc and oil. 
T h c r c't 0 r t is 
somcfiiucs lit tod 
with a dour at 
oacli end. 

The opinion of 
operators as t o 
tile best type of 
door \aries, but it 
may be said that, 
ill eases where 
time is an import- 
ant factor, the 
“ spider ” door is 
probably the best 


as it can be opened and dosed in about 2d minutes, whereas 


the bolted doors occupy at least double that time. Tlu' 


bolted doors, however, have less parts, therefore they 


require less main- 
tenance than the 
" spider " doors. 

The capacity of 
the cars is a very 
important point 
on which the total 
0 u t p u t of t li e 
plant depends, 
and to obtain the 
maximum capa- 
city for the tie car 
it is necessary that 
all the available! 
space in the cylin- 
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der or retort should be utilized for the placing of ties. 
Owing to the clearance space around the car, and the space 
required for the heating coils and the track, a certain 
amount of room is unavoidably lost. To minimise this 




ami 5|.— 0 ft. in. (.lianioter retorts charged, cars loaded 
with forty-one l)ewn and lifty-onc .sawn tic.s eacli rcspcctivcl\'. 
Cross sections. 



h'lG-S. 33 and 56.- 7 ft. tlianieter retorts charged, cars loaded with 
tifty-livc hewn and sixty-nine .sawn ties respec.tivelv. Cross-sections. 



loss cars have been designed which make use of the space 
between the wheels by which a gain of two ties is effected, 
which gives a considerable saving and consequently repre- 
sents an important increase in profit during the year in the 
case of a plant having two treating C3’linders holding a 
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charge of sixteen cars each and where from four to 
eight charges are made per day. Figs. 51 and 52 
show the gain thus effected, the piling being only to 
demonstrate this fact and not being intended to 
show the actual methods adopted in practical working.^ 
The usual methods of piling used are shown in Figs. 
53 ‘.to 56. 

53 shows a 6 ft. 2 in. retort with each car loaded 
with forty-one hewn ties or sleepers. Fig. 54 shows a similar 
retort and car loaded with hfty-one sawn ties. lug. 55 



riGS. 57, 58 and 50.— Stationary cylinder f)r retort on concrete foun- 
dation.^, ditto on wood foundat ion.s, 'and portable' cylinder or retort 
inountcfl on standard trucks. Side elevations and cross 

.sections. 



shows a 7 ft. diameter retort, each (ar loaded with 
fifty-fu^e hewn ties. Fig. 56 shows a similar retort and 
car loaded with sixty-nine sawn ties. Fig. 57 shows a 
stationary retort mounted on concrete foundations, fig. 
58 a stationary retort mounted on wood foundations, 
and fig. 59 a portable retort mounted on standard gauge 
trucks. 

‘ "Tram Cans ami their Construction," J. M. Crow. Tenth 
Annual Meeting American Wood Preservers’ Association. 


Table Giving Capacities of Plants. Allis-Chalniers Company. 
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The width of the gauge of the cylinder track has also 
considerable bearing on the capacity of the cars. Mr. 
Grow states that practice has shown that a 24 in. gauge 
for a 6 ft. cylinder, and a 40 in. gauge for a 7 ft. cylinder, 
are the minimum widths. A 30 in. gauge for a b ft. 
cylinder and a 36 in. gauge for a 7 ft. cylinder could be 
used, but would reduce the capacity of the car, and it is 
questionable whether a ^^’ider gauge lias any real ad- 
vantages. 

The above ])lants are i)rimarily intended for the use of 
dead oil of tar or creosote as a preservative agent, but 
with slight alterations they can be adapted for the use of 
zinc chloride and other antiseptics. 


Tham ('aks for Charging Retorts. 

The constnKrtion of th(‘ tram cars used for charging 
the retorts has received much consideration. The follow- 
ing abstract from a paper by Mr. Grow ‘ gives descrip- 
tions of the various types of tram cars which are in use 
by some of the principal railway companies and com- 
mercial treating plants in the United States. Twelve 
different types of cars are described and illustrated, which 
may be conveniently divided into four distinct classes, 
viz., bar-arm cars, angle-arm cars, channel-arm cars, and 
cars with box-section arms. The angle-arm car is an 
improvement on the old type of bar cars. The channel 
arm car is a satisfactory construction provided it is 
braced properly. The best construction for car arms, 
however, is the box section. This gives the maximum 

' “ Tram Cars and their Construction,” by J. IT. Grow, Engi- 
neer, Wood Pre.servation, Allis-Chalmers Mfg. Co., Milwaukee, 
Wis., Proceedings American Wood Preservers' Association, Tenth 
Annual Meeting, January, 1914. 



THE PRESSURE SYSTEM 


151 


strength where the arm is 
bent and where it gives 
out, due ’to the weight and 
wedging of tlic ties. 

“ Fig. 60 shows the oldest 
type of construction which 
was used at some of the 
older treating plants. The 
frame or body of the car, 
to which the wheels are 
attached, is made of 8 in. — 
i()J lb. channels, braced at 
end wi t h f x 2 1 in. ba r- i ron . 
braces of bai-iron are ])rovided for the frames of the car. 
The car arms are made of i X4 in. bar-iron. On some of 
the cars the bar-iron for arms was later on increased to 
1x6 in. This is the weakest type of cgnstruction, and is 
also the cheapest. 

Fig. 61 is a later type of car. Each of the two 
side sills of the frame is made up of two 6 X3 x f in. angle 
bars, braced at end with a pin and a short piece of 6 in. 

channel over the wheels. 
The arms arc made of 
6 in. — 15-5 lb. channels, 
and are braced with two 
ij in. angles back to 
back. At the point 
where the arms are 
secured to the frame 
small gusset plates are 
provided to increase the 
number of rivets for 
securing the arms to the 
frame. 




I'lG. () 0 . — Car with cliannel frame 
braced witli bar- iron and bar- 
iron arms. 


In addition to this, cross 
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Fk;. 62.— t'ar with heavy bar 
frame and solifl f)ar arms. 


“This later construction is 
superior to that shown in fig. 
()0. The strength of tlie frame 
is i IK' leased considerably and 
the arms are made more' rigid 
witli angle braces at the j)oint 
where they are most aj)t to 
bend. 

“ h'ig. Gi siiows a type of 
bar car made of heavy bars 
throughout. The car frame 
consists of two i in. x 4 in. bars. 
Ivacli of tlu‘ bars is secured to 


the arm by two angles at either end. Tlu' arm is imide 
of a solid bar 2 in. x 4 in., tapering from 4 iix at the point, 
where it is bent to about i| in. at tlie top. hiach arm is 
braced against the frame by means of two J in. x 4 in. ])ars 
on either side, 'fliis ('ar, being made of solid bars, giv’es 
good results when used in connection with the zinc 
chloride treatment. The arms have* been designed to 
give the maximum stn'ngth where it is lUdxled. The 
frame, howeviu', is the weakest ])art of the car. 

“ Fig. 63 shows an angle-bar car. 'I'lu' frame is made 
of () in. X G in. angle and is 
secured to arms by proper 
connections. riie arm is 
made from i) in. x G in. 
angle, one flange, tapering 
from 5 in. at the })oint, 
where it is bent to 3 in. at 
the top. This car is now 
also made with a side brace 

connecting the two arms at 

^ . I'lG. 03. — Car with angle frame 

the top, which prevents and angle arms. 
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bending in a longitudinal 
direction. 

" Fig. ^4 represents another 

type of channel-arm car. 

'I'he special feature of this car 

is the eflicient bracing of th(‘ 

arm by means of a lu'avy 

'I'-rail. The arm is made' of 

7 in. channi l, weighing 17 -25 

lb., and the brace is made' in 

one continuous piect' of .p) lb. 64.— Car with channel 

. . arms braced with heavy 

1 -rail. A gusset plate IS used I'-rails. 

to connect the Z-bar frame 

to the arms, and the numlx'r of rivets for holding is 
thereby increased. 

“ I'ig. 65 shows a channel arm car. The two side 
sills of the frame C(uisist of a pressed^steel hood made 
of I in. steel. This hood covers up the wheels and makes 
a very strong and rigid frame. The car arms are made of 
<S in. *21 lb. channel, and are reinforced by one {.ontinuoiis 
pi('('e of f) in. channel weighing 10^ lb. The reinforcing 

channel is in\’erted so 
as to form a box sec- 
tion with the channel 
arms. At the end of 
the reinforcing channel 
a small casting is in- 
serted, adding further 
strength. The hoods of 
the frame are secured 
to the arms by means 
of gusset plates. This 

Fig. 65.— Car with frame consisting design is equally as 
of pressed steel hood and channel , ^ , 

car arms. ■ strong as that shown 
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i'lG. 66. — Car with frame of Z-bar 
and arms of bar-iron. 


in lig. 64, having T-rails 
for reinforcing. 

“ Fig. 66 shows a new 
type of bar-arm car, which 
is an improvement over 
the old type of bar car. 
The frame consists of a 
() in. Z-bar, and the arms 
are made of in. x 5 in. 
bar-iron, 'rhe arms are 
riveted to the Z-bar and 
tlie brace is atta('hed so as 


to add strength aiul to secure the arm to tlie frame. This 
car gives good results at plants where ziiv' chloride treat- 
ment is used, since the solid bar offers less surface for 


the destructive action of the treating solutions. 

" Fig. 67 shows another type of bar car. The frame 
consists of 6 in . — 21 lb. Z-bar, and the arm is made in 
one continuous ])iec.e of i] in. x 5 in. bar-iron. The arms 
are riveted to the Z-bar frame and are brai cd by a hea\'y 
bar, which is also riveted to the franac Each brace is 
secured to the arm by means of four rivets. Excellent 
results have been obtained 
with this construction. Ft 
is a simple car of few parts, 
rigid and heavy. 

" lug. 68 indicates the 
general construction of a 
very heavy channel-arm car. 

The frame has two side sills, 
each made of two 6 in. 

Z-bars. The arms are made 

of lieavy ship channels and J'ig- with frame of 

.. . . /-bar and arms of bar-iron 

are not directly reinforced, in one continuous piece. 
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but are strengthened by 
means of heavy gusset 
plates tvhich are riveted 
to the top of the Z-bar 
frame and to the arm at 
the point where the maxi- 
mum strain occurs. The 
arms are further braced 
in a longitudinal direction 
by means of a channel 
bar. 

“ Fig. 69 shows one of ^ 
the later type of channel- 
arm cars. The two side silb 
pressed-steel hood, and the ii 



68.- Car witli frame of Z-bar 
id arms of licavv sfiip channels. 

, of the frame consist of a 
rms are made of channel 


Ixirs, reinforced with a smaller channel. The reinforcing 


channel nearly extends o\er the entire length of the 
main channel. The* frame is secured to the arms by 


means of large and hea\ v gusset i)lates. 


“Fig. 70 indicates the genen 
steel car. The frame of this 



Fig. 69. — Car with pres.sctl steel 
hood frame and arms of 
channel bar reinforced with 
smaller channel. 


il construction of a pressed- 
car consists of two hoods 
made of pressed steel. 
The arm of the car has 
a box shape and is inadt* 
from two steel plates. 
The lower or box shape is 
pressed out from one plate 
and to this is riveted the 
cover plate, making a 
very rigid arm. The arms 
are further reinforced by 
means of a strap riveted 
to the part where the 
maximum strain occurs. 
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Tli(‘ frame is directly 
riveted to the arms 
without the use' of any 
gusset plates. The top 
of th(‘ arms arc con- 
nected by means of a 
brace to strengthen them 
in a longitudinal direc- 
tion. it will be noticed 
tliat the arm has a taper- 
ing shape, having the 
ma.ximum S('ction at th(‘ 
point where it is bent 
and the minimum section 
at th(‘ top of th(' arm. This construction is mechanically 
coiTi'ct and has given c.xcellent rt'sults in practicic 
" Fig. 71 shows a new type of car with bo.x-shaped 
arms and lu'avy brai'ing by means of gusset ))lates. 
The frame consists of two (> in. Z-bars, to which are 
riveted the* bo.x-sliaped arms. ICach arm is made from 
two plates, th(‘ outer press('d into box shape, securely 
riveted togdlu'r, forming 
a rigid c^mstruction. The 
box has a depth of 5 in. 
where it i> bent and ta{)ers 
to 3 in. at the top. The 
arms are further brace<l 
by means of heavy gusset 
plates riveted to the toj) 
of the Z-bars. Side braces 
connecting the two arms 
to prevent longitudinal 
bending are secured near , . , , 

, . I'lG. 71. — Car with frame consisting 

the top. IhlS car is of two Z-bar.s and box -.shaped arms. 




lOCr. ;t), -ear witli frame consisliiij^ 
of two pres'.sed steel bonds .ind 
i)ox-shaped arms. 
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especially well proportioned 
and provides ample strength 
in the arms and frame. It 
is one of the latest types 
and embodies all the experi- 
ence obtained with the 
earlier cars, extending over 
a number of years. 

WlIKHLS ANT) A.XIJ:, BoXHS 
¥0R Cars. 



I'lG. jj.- -Car wluM'l us(‘il mu the 
older t\'p<‘ of cars. 


The construetion of th<‘ car wheel, roller bearing 
and boxes are \ery important fatdors. The shape and 
depth of th(' car-wheel flangts and the width of the 
tread are im])ortant chdails to be considered when 
designing a wIkhT and sliould conform to the standard 
wheel construction, otherwise troublt'*will be caused by 
derailing. A great sa\ing in motive power is efft'cttxl 
by the use of roller bearings, two types of which are 
used — solid and spiral. Jhe application of the abo\e 
varies with tlie construction of the wheel, the bearing 
and the loads to Ix' carried, v^everal of the more im- 
jTortant designs are illustrated. 

“ big. 72 shows the arrangement used on the older type 

of cars. dTe wheel 
is pressed on thi' 
axle, turning in a 
brass bushed 
bearing, to reduce 
friction. The 
bearing is bolted 
or riveted to the 
frame of the car. 
" Fig. 73 shows 
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a novel arrangcincnt for 
axle boxes, which is used 
in connection with car 
frame shown in fig. ()2. 
This axle box takes care 
of the floating of the car 
frame when in treating 
('ylinder, siiu'e it is not 
secured to the axle and 
slides up and down. The 
whe('l is fixed and pressed 
on tlu‘ axle. 

“ Fig. 74 illustrates 
another arrangement in 
which the \\-heel is fixed and the axle turns in the bearing. 
In order to icduce fri< 4 ion the upper half of the bearing 
can either b(.‘ babb'ted or provided with brass bushing. 
This styl(‘ of wheel and bearing is used with car frame 
shown in fig. 64, and makes a \’ery good arrangement. 

" Fig. 75 shows a roller- bearing arrangement in which 
the bearing is mad(‘ (T solid steel rollers and a stc'el 
bushing pre.ssed into the wheel. The bearing is secured 
to the Z-bar frame, and the 
axle is prevented from turn- 
ing by a bolt which ])asses 
through the end of the axle 
and the b e a r i n g. The 
wheels are separated by a 
pipe spreader, which en- 
closes the axle and is fitted 
with hea\'y flange on (‘ach 
end. Wearing washers are 
provided to keep the rollers 
in place and to protect both 



I'k;. 75. -Amingeiucnt of l)oar- 
with .'jolid atcol rollcr.s 
and steel bii.shinijr. 



Itif. 7 1. .\n'.ui,”(incnl in wIikIi 
\\ lu'{.'l is Iixed ,iiid tlir axle 
turns in bearing. 
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sidt's of the wheel hub. 

This wheel and bearing 
is used t\hth car frame 
shown in fig. by, and makes 
a strong and serviceable 
car. 

‘‘ Fig. yb shows a roller 
bearing of the spiral type 
with heavy and rigid bear- 
ing construction. The 
s])iral roller bearing is 
s(‘lf-contain('d, or, in other 
^vords, all the rollers are 
held together in a small 
cage, and for this reason can be easily remoxed from 
the wheel. 'Fhis bearing reduces the friction more than 
the solid rolk'r bearing, thereby saxigg motive power. 
I'lifortunately it cannot be used with satisfactory results 
at plants where the zinc chloride treatment is used, 
since tlie small spiral offers too much surface for the 
attack of solutions. It xvill be noted that the bearings 

on either side of the 
wheel are combined in 
one casting, which fits 
into the hood of the 
('ar frame, thereby 
securing the wheel 
rigidly. The axle is 
prexented from turning 
by clamping it to the 
b e a ring xvith caps. 
The xvear on each side 
of the xvheel hub is 
taken up by a series of 



I iG. 77. — Spiral rolk’r hi-arivi” witli 
square axle turneU down at the ends. 



sj)iral lype with h(’a\v rigid 
hearing construction . 
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hardened washers. This st^de of wlicel arrangement is 
used with car frame sliown in fig. 65. 

"Fig. 77 shows a spiral roller bearing irscd with the 
car frame fig. 68. It is to be noted that all previous 
arrangcmients show the use of a round axle, while fig. 77 
shows the use of a square axle turned down at the ends. 
The car frame is secured to axle by a straj) clamping th(‘ 
square part and pn'venting tlu* axle from turning. A 
half-box is prox’ided for the round pait of the axle to 

distribute the load. The 
spiral roller bearing is of 
standard design. It 
should be mentioned that 
all the spiral bearings are 
furnished with slotted- 
steel bushing, which can 
be easily expanded into 
the bore* of the wheel. 

" lug. 78 shows an 
arrangement of special 
inten'st since it is a com- 
bination of a turning axle 
with spiral bearing and 
a looser wheel. The ordi- 
nary construction is to have either a turning axle with fixed 
wheel, or a fixed axle with loo.se wheels, but in this case 
this iiovtI arrangement was d(‘sign('d to reduce friction as 
much as possible, llu* axle turns in the bearing secured 
to the car frame, and provided witli spiral rollers to re- 
duce friction due to the load. The loose wheels, wliich are 
provided with bushings, turn on the axle when the car 
is rounding a curve, and reduce friction between the 
outer rail and tlie whe(‘l. The Ix'aring bo.x is in one 
piece and fastemed to the underside of the car frame. 



wheel. 
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A cap screws into tlic end of the bi'aring to permit the 
removal of the spiral roller cage. The wheel is held in 
position by a casting which is attached to the car frame 
and which fits loosely over the axle. This wheel is 
used with th(‘ frame shown in hg. 70. The construc- 
tion of this combination is \-ery satisfactory, but it is, 
howevt'r, an expensive' arrangement. 

" log. 79 shows a wh('('l and bearing design which 
combines good construction with ethcic'ncy and con- 
venience. It will b(' noted 
that tile wheel is on the 
outside of the car frame', 
and can be re'inoved with- 
out dismantling tin' e'ar. 

This is an aeh'antage', 
since wheels must be* re'- 
|)laced some'tinie'S. In all 
other designs shown above' 
it is necessary to lift off 
the entire frame' if a wlu'el 
or any of the' we'aring 
wasliers are to be removed. AiTan.i^cnu'nt m winch 

. . the wheels are on the outside 

The axle, which is Sepia re , .i tiu* car i ra me. 

and turned at the ends, 

is secured tei the e-ar frame by a wre)ught-iron strap. 
A collar is shrunk in the roimel part of the axle and 
shoulders against the sejnare part te) keep the wheel 
in proper position. The wheel is loeise on the axle and 
is fitted with a standard sj)iral roller cage and split-steel 
bushing. The wear on the sides of the wheel hub is 
taken up by a set of hardened steel washers. A cap 
held in position with pin and cotter at end of axle secures 
the wheel. 

A comparison of the eight arrangements of wheels 

M 
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and axles show that they form two distinet typos - wheels 
which are fixed or pressi'd on the axle, witli the axle 
turning in the axle box, and wheels which are loose on 
the axle, with axle in a fixed position. 

It will also be notc'd that the whec‘ls shown are of 
heavy constniction. with tread varying from ; to 4 in. 
The average width is about pj in., and has been found to 
be sntficient. this is a very important point, and 
especially in yards where heavy rails weighing ()o and 
70 lb. are n^ed together with standard frogs and switclus. 
If a narrow wheel is used and tlu‘ car clicks owr to oiu' 
side in ])assing over tlu‘ ( iirve and switch, tlu' llange 
(»f the wheel will >trik(‘ the switch j)(»int and will derail 
the car. Ih'ielly, Mr. (now considers tlu' I'ssential points 
of good design are loosi' wheels of hea,\’y construction 
with roller bearings and wi(k‘ treads. 


IT\ii. F.\stj:nin(,s 

'rh(‘ bail fastenings an' a 
tram cars, and tlu'v must 
that the bail can bi' I'emove 
of th(' principal |)att('rns 



Fig. 80. — Simple arrangement of 
bail of round iron bent over 
at each end. 


I'OK Tk.\m (’.\KS. 

I important featnn' of th(' 
)e strong and so arranged 
1 (jni('kly and ('asily. hive 
lescriU'd an' as follows : 

“ 1‘ig. 80 shows a simpk' 
arrangement. Tlie bail is 
made ot round iron ij in. 
diameter, and is bent over 
at each end. The bent 
part engages the car arm 
and is held in position by 
a small locking pin fastened 
to the bail. 

“ Fig. 81 shows a round 
bail with straight ends each 
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of wliicli tits into a socket riveted 
to the car aim and su{)ported on 
a small afii^le. The lockini^^ pin 
('annot work out on account 
of its curv('d shajie, and is 
inserted in a horizontal position 
and then turned down. 

“ Mg. (S2 shows a lle.xible 
.('onnection which allows for any 
irri'gularities in the jhling of 
th(' ties on Hk' car. The hail is 



Sr. — Uoiind b;dl with 
•straii^Iit oncis into 

sockct.s riveted to car 
arms. 


mad(' of a scpian' bar. and a wedgx' is attached at each 
end by nuains of a clrwis and liide. Tli(‘ wedge tits into 
a soi'ket ri\’(‘ted to the arm and is locked in place by 
the w'l'dge kev. 


log. (Sj shows a wry simple and ^elf-loeking device. 
Tlu‘ bail is made of round iron lij yt. diameter, and 
is bent o\'er on (\ach end. The end is tlattcned out 
and is litti'd with a ])ivoted pin of same diameter as the 



bail. When inserting the bail 
ends the pin is moved into a 
horizontal position, and falls 
into a \('rtical position by its 
own wt'ight after the bail is in 
})lace. thereby locking it. 

“ Pig. 84 shows the latest 
patented dex’ice for securing 
the bail to the arms. The 
bail is made of i in. x 2 in. tire 
iron and fits into a malleable 
iron socket riveted to the car 
arms. A rectangular link is 


tion aiiowirig for irro^m- attached to thc bail by means 
laritics in the piling of . 

tics on car. uf a Small sti ap for the purpose 
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of placing and removing 
I the bail. The rectangii' 

0 0 1 D into ])()sition, and tits 

oviT tlu‘ sliding hook, 
. which is held in plac(' 
> — by tilt' socket. To re- 

Fig, S v — Simple self-lockin;.," device dU')\ e the bail it is only 
with ball of round iron bent over ]H'(x>ssar\’ to slide tilt' 
on each end. ' ■ ‘ . 

hook lip and lift it out 
of tilt' socket by the link. Tht' bail is very strong and 
rigid, and since it is of flat >.hape a gootl de;d of S])aci' is 
saved and the capacity of the car increasetl. The link 
is also a tlt'cided improvement, and emibles the work- 
men to lift the bail out tjuickly. 

These locking tlevices have almost entirely re])lac('d 
the chain which was usetl formerly. At some works, 
howt'ver, neither bails or (Tains are used, and the ties 

or sh‘e])crs, or other 


, Sv — Simple self-lockin;.," device 
with bail of round iron bent over 
on each end. 



Fig. 84. — Patented device for securing the 
bail to the arms. 


wood is secured to 
the car by a win' 
wound se\’('ral times 
round th(' load.” 

Hr.MFFRS OK 
BuFbi-: Ks. 

A great many cars 
have, according to 
Mr. Grow, been 
fitted with bumpers 
or buffers. Small 
castings or rein- 



run punssiikK systhm 


forcing straps arc attaclied to the end of the frame sills, 
or in the more recent patterns a heavy steel casting is 
attached helow the frame. 

Coupling Links and Hooks. 

At some plants a coupling link is used to fasten the 
loaded cars together for moving them about in the yard 
and pushing in and out of the cylinder. An objection 
to this is the liability to accidents when coupling up 
the cars. So far, th(‘ old scheme of attaching a cable to 
tlie load of tlic last car and th(‘ locomotive for pulling 
the train and pushing the cars by one another has been 
found V(n'y satisfactory. 

Some cars have coupling hooks to facilitate' handling 
when ('mpty. Jil some cases small pulling links are fitted 
to th(' side of the car frame, or pins are provided at the 
end of the cai' sills, or small brackets Are ri\-eted to the 
arms and fraiiu'. Usually the cable hook is attached 
to a coin’t'iiient part of the car frame, and the empty cars 
art' pulled around the yard. 


Examples of Complete Charging Tram Cars. 

No special reference has been made by Mr. Crow to 
the construction of piling cars under the preceding head- 
ings. The construction of tie or sleeper cars, however, 
can, he says, be applied in a general way to the piling cars. 
The wheels and axles are the same, with the exception that 
the axle is heavier to carry the increased load. The frame 
can be made channel, “ T ” beam, hood on Z-bar section, 
lugs. 85 and 86 show two different styles, and it wall be 
noted that the frame is bent down in the middle to make 
room for the turning bolster. This arrangement increases 
the capacity of the car to a great extent. The two sills 
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with an additional rib in tlie middle'. h'i,i(. 8b shows a 
pressed steel constriietion, and this is the heaviest style 
of piling var which has ever been built in the U.S. It 
will be noted that tlu' frame is made of lieavy Z-bars 
braced at ('ach e'nd with heavy ])lates, and cast steel 
bnm})(‘rs. The turntable' is se-enre'd bv means of pressed 



Fic. 8(». — l-'xtra lu'avv ]>ilin'; rar. Ft'rspoit iv<' x ienv. 


steel braces connexTing the sills of the frame at the middle. 
The' bolster is 12 in. wide, and is made in the shape 
of a box-se'ction with lu'avy cover plate. It has a tapering 
shape with maximum depth where it is bent. The bail is 
of the flat type with lifting links and locking hooks as 
shown in detail by iig. 84. The wheels are exceptionally 
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lu'a\T, and arc fitted with spiral roller bearings, the details 
of construetion beiipi^ shown in lii^. ;(r fhe entire ear 
is heavy and riyid throiii^hout. and has been* designed 
with a \-iew to stand up under tlu* hea\'V strains to whieli 
siK'li ears an' snbjeeted.. 

Fiy. S; shows a ti(' (Sir for a (> ft. i in. dianieti'r e\’lind(‘r 
whieh was desiyni'd to obtain a riyid frame with slrony 



I'le, S;. Cliannrl ;irni tie (tr sI«c}>’T ear. I’ca.sixa I n-c view. 


arms at a low cost, frame and bail details are shown 
by li^^^s. bb and 8t>. Tin; frame is very rigid, but thi' 
arms, although reinforced with two angles, were found 
not to be .strong enough, d'his emphasizes the fact that a 
strong and rigid ear designed to meet the .sevtTt' operating 
conditions cannot be (jbtained at a low cost, and if it 
requires more material in the construction of the ear 
the cost is increased correspondingly. 



TJIK PRFSSVRK SYSTEM 


169 

This fact has been realized, and it will be found by 
lookin^^ over the twelve different ear body dc'signs, shown 
by figs. (K) to 71, that it has been the object of the 
various di'signcrs to construct a car to meet the operating 
conditions. Not all of the efforts have been successful, 
and several of the channel and angle arm cars have given 
out to a certain (;xtent. Th(‘ arms of th(' car give the 
principal difficulty : they ('ith(‘r bend out and must be 



Frc. SS - t'.xirn lica\\ lie or slia-pcr rar. !\a spool ixr \'io\v. 

pulled in occasionally, or they bend over in a longitudinal 
diri'ction. 'fhe longitudinal bending usually occurs where 
the arms curve uj) from the frame. There is only one 
way to overcome this difficulty, and that is to construct 
an arm with sufficient depth, width, and material, which 
will withstand any bending and twisting strain, either 
in an outward or sidewise direction. Tig. 88 shows a 
car of construction which has accomplished this object. 
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The arms are of such streni;th that it has been impossible 
to bend them in any direct ion. 

In addition to the liea\v eonstnietion of tlu' arms, 
details ot which are shown b\' liye S(), the\’ an' braced 
aijainst tlu' Z-bar franu' by Ix'avy corrugated plates and 
against one anotln'r by a stout brace' coniK'i'tiui; tlu* arms 
at the to|). I he Z-bar frame is of am|)le and pro|)ei' pro- 
poi tions to sustain the hea\y load. TIk' e'ast steel bumper 
takes up the shock when tlu' cars are' knocked te)^a'ther 
and |)re'\eiits the' striking uf the' frame's ai^ainst eae'h e)the'r. 

1 lie l)ook on the' bumpe'r e'an be- used, if ne'Ce'ssarv. to 
('Ouple the' e'mj)t\- ears to^e-the'!' or mo\-(' them around the' 
\aiel. Spe'e lal atte'iition has be'e n ,ei\a’n to the' elesi,r;n of 
ear wlu'e'ls. roller be'arin,es and axle's. The' whe-els ;()) 
arehe-awand have' a wieh' tn/ael; the-y can be (|uicklv 
remeeved te. n-plaes' we-arin^^ washers without disturb- 
iuL^ tile' entile.' jiaiue'. 1 li(' s])iral reilK-r beariiiji^ is 
self-eemtaine'el ;md ean be' ivinove'd in one ])i('ce 
for inspe'dion bv takin- the eaj) e>lf on the end of the' 
axle'. 

1 he bails are' airan,ee<l for epnVk and conve'nient liand- 
iiay. 1 he' e-ntiiv eein^triietieni e>f the' e'ar is he'a\’y anel 
field, anel a ee"Kl deal of e'\|)e'rie'ne'.'. theiuehitful de'sien 
<md <iin|)le' inate'iial has be'esn iiieorporate'd in its manu- 
facture'. 1 he exn has bi'en in actual eiperation for a ye'ar 
and lias ste^oel up iinde'r the' harel weirkine^ strain, and on 
this account has be'e'ii ve'iy sueea'ssful. 

It will- ofe-ourse', be- re'ali/.e'd that acarof this const ruction 
canneit be' e he-aj), and that the- e eest eif same'inu.st be in pro- 
portieiu to the' (jualily. It is undoubtedly false ec'oneemy 
to cemsider emiy the lirst cost of the* tram car and lose 
si.nht of th(' fact that if a lif<ht car of low cost is bought 
it will give e ndless tre)uble and ine re'ase the' o])erating 
exj)e'nse which in the lemg run will make a chcvap car 
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nioH' costly than im oxp('nsivo one, on account of repairs 
and its sliorl life. 

Pricks of ('h.vrc.txc Tram Cars. 

At the po'sciit time cars ran be bou^dit, according to 
Mr. (irow, in the markad var\’ing in price from fifty to one 
hundred dollars, and some of the heavy piling I'ars arc 
(‘ven higher in j'lrice. Tlu' fact that tlie bettt'r grade 
of cars are now bought shows that operating men give 
serious consideration to the car construction and indicati's 
a stremg ti'ndency to eliminate the difficulties and troubles 
caus('d b\’ the lighti'r and (dicaper cars. 

(lOod heavy and rigid tram cars, while more ex})ensive 
in first cost, will no doul)t give mu<'h bett('r results, will 
ultimately reduce tlu' cost of handling, and will increasi' 
th(' eliicieiK'y of the plant. 

To maintain a sulliciimt number cars involves, 
says Mr. ( how, a cou^iderabl(' outla\' in lirst cost, and this 
statenamt a])j)lies cspe('iall\- to large j)lants. and e\en in 
such {'asc's e.\j)erieiic(‘ has shown that it j)ays to hav(‘ an 
am})l(‘ ('(piipment of ('ars. It is now n'ali/.ed that alight 
and clu'ap car is really not cIkmi) in tlu' long run, and 
that it pays to buy heavy and more e.xpeiisive cars, 'fhe 
old ch('a|) type of car consisting of a ('hanni'l frame with a 
few braces and two arms made of bar-iron was uiuUt 
continuous rejxiir, and tlu' Idacksmith was kejd busy 
straightening out the arms so that tlu' car could enter 
the cylinder without causing troubU' and delay. 

Loading and Unloadinu; ('iiakc-ina. Tram Cars. 

Fig. 8(j is a view showing tie cars at the loading plat- 
form, fig. ()o is a view showing a cylinder i harge of 
ties or sleepers ready for treatment, figs, pi and ()2 show 
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tlu' aiTang(inu‘iil of loads on piling" ears, and Jig. ()3 shows 
the method usually employed for unloading tie cars, 
'.riie load* on the car shown in fig. ();■; is approximately 
10,000 lb., or about six times the W('ight of the car. In 
moving the loaded cars about the yard (figs, go and gi) 
they arc subjected to licavy strain by the push of the 
entire load and by the bumping against one another. 
When loading cars by liand the ties arc dropped into 
them and at tinu's not any too carefully, and even the 
empty cars are strained considerably at treating plants 
where an ele\'ated t)latform is us('d. by allowing thi'm to 
run down tlu* iiu'line by gia\-ity and striking one another 


as they reach the 
bottom, tlu' cars 
frequently juiu])- 
ing the track and 
b (' i n g knock(‘d 
ov('r by the im- 
pact. 'fhese oper- 
ating conditions 
apply also to the 
cars for piling ; in 
fact, till' loads are 
still more .severe, 
since two cars can 
only be used for 
one load of piling. 
This will be seen 
from figs, gi and 
g 2 , which shows 
that the loads 
carried by the 
piling car arms are 
tremendous. The 



Fig. 92. — View showin" arrangement of load 
on piling cars. Perspective view. 
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1 O I a 1 \VL‘i.i;iit of 
one load of j)ilin;^' 
lor t\\‘o cars is 
a]){)rox i mat c'l V 

f<>. ()()() lb. or 

J0,()()0 11)., of 

W'oiljllt oil Olio 

bolstor. 

n\’i)KAri.i(' a. 
Aik Pr.MKs i'ok 

I'OKClXC I’kh- 

siaawi i\']:s i.xto 
>kt. 

II yd l a u 1 i ( 

}> H 111 |) s a. r o 
usually cmj)loyod 
lor fondn^j; tlu‘ 
p r (' s (' i-\-a t i\'os 
into the woo(b 
and tlii> nn'lhod 
loiiiid to b(' 

both ])ra('lical 
and oftioioiit for 


f li o p u r p o s 

Another method ol ])erfonninK the o|)eration which is 
also Used, thoii/^hi to a lesser e.xtent, is by means of air 
piim])> and eompressed air. ( om])re‘Ssed air was first 
used at the works of the T. Ox X.W'.R.R. at Jisean d^a. 
Mich. Ihe advanta^^es of air [)umi)s as compared 
with hydraulic pumps for the above service are discussed 
by h. J. An.yder, Superintendent Timber Preser\’ation, 
JT & O.R.R., in a paper read at tlie mectin^< previously 
referred to. The timber-treating works of the B. O.K.R. 
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at (.Rail Sprin.i:, W. \'a.. <il wliicli it was drridcd to iisr 



l: I 


•aa, <13. Arran^cmciU (.1 air 
pumps fi»r injectin^^ piasrixa- 
ti\'cs into wood, i'laii. 

sonic details of const ruc- 
tion. 

The operation of tlie 
apparatus is described b\' 
Mr. Angier as follows ; 

" d'hc; charge is placetl in 
the retort and the door 
closed. If material to be 
treated is green, it is 
seasoned artificially by 
steaming. If dry, this 


t h(' c( )mpressed-air system , 
lid'; (.'11 as an exainjdi', 
.111(1 th(.‘ relatix e jx .siti(:n^ 
(»1 the retorts, tanks, and 
pumps an' shown in the 
diagrammatical \'i('w, lig. 
() 4 . from wliich a gem'ral 
idea of the mode of oj)ei- 
ation will hv gained, 
logs. {)5 and (;(> show 



l-'iG. gC- — A rrangement of air pumps 
for injecting preservatives into 
wood. Elevation. 
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steaming is omitted. Jn eitlier ease an initial vacuum 
is created, which usually lasts an hour, but the duration 
of this vacuum depends largely on the amount of steaming 
or non-steaming. During the vacuum the pressure- 
measuring-drain (l\M.l).) tank is charged with the 
}UTservati\e solution. It reejuires about .seven minutes 
to do this, but it can be done while tlu' vacuum is on 
the retort, thus no tinu' is wasted. At the end of the 
vacuum, and just before destroying it, the ])reservativ(> 
solution is introduced into tht* retort from tlie working 
tank. This ilows by gravity through a lo in. |)ipe, and 
requirt's about thirty minutes to com])letelv fill the 
retort. Up to this stage of th(' operation tin' retort is 
completely Jilled with the j)ia'ser\ativt> solution, also 
tlie F.M.I). tank ('ontains tlu' najiiisiti* amount of solu- 
tion for treating the chargic I his solution has a tempea'a- 
tur(‘ of 88T;. (rqo-g^F.) before it is introduced, and is 
maintained at this t(‘mp('ratur(\ or as near this t('m])('ra- 
ture as possible, during the tiini' of impregnation. Icvery- 
tliing is now in readine.-^s for the j>ressiir(‘ to be ap])lied. 
ihis is accomplished easily and (jnickly by opeming thi' 
3 in. valve in tlu* pijx- ('onnecting tlu‘ bottom of the Jk.M.l). 
tank with the retort, forcing the preservati\-es into tlu' 
n't(jrt and into the wood. When the desired absor]')tion 
is obtained, as indicated by the gauges on the tank, 
the air pump is stop{)cd, and the valve in the connec ting 
pipe' is closed. 

“ The ne.xt operation is to return the preser\'ative 
solution in the retort to the working tank. This is don(‘ 
by simply opening the 4 in. blow-back to release the 
pressure in the retort, then opening the 10 in. valvar 
which leads from the retort to the working tank, and by 
opening very slightly the 2 in. valve in the pipe leading 
from the top of the P.M.D. tank to the top of the retort. 
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Bear ill mind, the P.M.D. tank is still charged with air 
varying in pressure fr(3m 125 to 175 lbs., and that this air 
forces all cf the solution remaining in the retort (approxi- 
mately 21,000 gallons) back into the working tank. 
To do this requires about twenty minutes, and there 
is still sufficient air jirt'ssure in the tank to force into the 
working tank what solution might remain in the P.M.D. 
tank. (At this point the operators of hydraulic pump 
plants will recogni/a^ the advantage of having this air 
storage, which they are reijuired to pump directly into 
the ix'torts with a low-jiressure air pump, with more 
tim(‘ and expense.) 

“ Now, a linal vacuum is usually re(|uired to surface- 
dry the timber. During this vacuum, which lasts about 
oiu' hour, about .|.oo gallons of solution is recovered, or 
about 10 per cent of the total amount absorbed in the 
charge. Of course, this regain is due to drip and to 
the expansion of the atmos|;)heric pressure in the wood 
during the vacuum. This final vacuum is applied 
to both the retort and P.M.D. tank. The surplus solution 
collects in the bottom of tlu' retort and in the pipes 
leading to the tank, and also seeks its le\'el as it flows 
by gra\’ity into the tank. At the end of the vacuum 
period the vahe is closed in th(‘ ])ipe leading from the 
retort to the vacuum pump, and the atmospheric valve 
opened to the retort, while vacuum is still maintained 
in the P.M.D. tank. This operation (piickly destroys 
the ^alcuum in the retort and fonx's the surplus solution 
into the P.]\r.D. tank. The valve in the pipe leading 
from the retort to the P.M.D. tank is then closed, drain- 
ings measured (if desired) and forced back into the 
working tank by air pressure.” 

Mr. Angier considers the air pump to possess the 
following advantages : 

N 
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“ Only one tank is required for earli retort, that tank 
ser\ ini^ in the triple capacity of j)ressure tank, measurini:;- 
tank, and drain tank. One air ))nnip is ample for three 
retoi'ts, while one hydraulic pump is requin'd for each 
retort. The maintiMiance of one air pum]) is much less 
tlian three hydraulic j)umps, and is decidedly cleaiK'r. 
The air pump requires less attention, and lessens the 
cost of packiiii;, lubricants, \-al\’es, vnl\-{' s('ats, [hungers, 
I'te. An air pinu]) is a necessity in plants using 
hydraulic pumps lor blowing back solution, unless those 
plants are eejuippeel with ('xj)ensive underground 
iccei\ ing tanks. In the latter ca.se an air |)ump can be 

dispensi'd with in lieu of a large* oil pump for pumj,)ing 

solution back into the working tank. The underground 
rcce-i\-ing tank is meere e‘xpensi\'e in e)pe‘ration than the* 

air puiuj), and no doid)t this is the* re-ason why so fe‘w 

plants aie* tliu> e*oui])pe*d. One* air j)\imp can be* o|)e'rated 
on two or more* re'torts at the same* time without eleranging 
the gauge* r(*adings. rhi.'> is not piaOicable with 
Iiydraulie' pumps. J{.\|)erie nc(' has tauglit us that it is 
practically imjHessible* to maintain a steady and constant 
pre'ssure* on a charge of timber with a hydraulic puni]), 
eyen though it is eeiiiipped with re'lie'f yalyes, while 
with the* air jninip this is e*asily ace'eanplisheei. The* 
amount e)f steam reeiuii'eel to o|)e*rate* one* air pump is 
not more than wejiild be* re*e|uire;el to ope'iate* thre'e* 
hydraulic. piim].)S, but as the; e*.\haust steam is used for 
heating j)urpe)se“s, this feature* is not so iiiijeortant. riie* 
initial cost of installing tlie* air-pump syste in is ii trifle 
more than for the hydraeilie-pump syste*m, but the 
maintenance is le*ss, and in the long run air is me)re 
economical. With hydraulie: pumps there is more 
machinery to care for, more; tanks to look after, and 
more piping and valves to maintain. There is also 
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more work for the eiif^hneer, and unless everything is 
compactly arranged the engineer will require an assistant. 
Witli the air pump one man r'aii easily look after the 
entire operation with greater satisfaction and with 
better results.” 

The capacities of complete^ plants built by the Allis- 
C'halmers Manufacturing Company will be found in tlu' 
table giv('n on page 149. and also in the tabh' on tlu: 
folding plate facing i)ag(‘ 2(;o. The latter table also 
gives till' weights and appro.ximate cost, and includes 
ainongst other information jiarticulars regarding number 
of acres of land required for complete plants and yaiabs 
storage spaces neci'ssaiA’ for lumber, creosote and water, 
miles of track in yards, and length of loading platforms. 
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Principal Preservative Agents and Processes. 

The Dead Oil of Tar, Betliel or Crcosoting I’roccss — Tlie Riiepin;^ 
Process -Tlie f.owry Process - The ('urtis-Isaacs Process 
- Processes wherein Creosote is used in Cotijnnction with 
some other Agent: The Zinc-creosote. Kutger or ('ard 
Process — The Allard yce ITocess.- -The Creo-resinate Pro- 
cess. 


ThH CkEOSOTINC. l^KOCKSS 

A S has boon already iiK'ntioiK'd, John Ikdhel e\()lv(’(l 
in 1838 a pactiral process for th(‘ injection of hot 
creosote oil, or dead oil of tar,^ into wood to be po'served, 
the operation being performed in a closi'd \’essel or retf)rt 
under pressure. This j)rocess is now universally known 
as " creosoting,” which, ho\ve\'(‘r, is a inisnonnu', as dead 
oil of tar or creosot(‘ oil actually contains no real creosote. 

The substance is said to owe its success as an antis(‘ptic 
agent to the presence* of insoluble non-volatile substane'cs 
indifferent to the attacks of oxidation or putrefaction 
under the conditions to which its product is normally 

» According to Lunge, a well-known authority on tar products, 
Jicthel originally used an (ul containing .substantial amounts of 
tar. fn the wood-preserving industry the terms "creosote oil " 
and "creosote" arc at present employed to designate oils of 
widely varying composition and origin, being applied not only 
to straight distillates from tars containing phenoloids, but like- 
wise to distillates from the tars lacking phenoloids, and to mix- 
tures of all such distillate oils with both crude and refined tars, 
ancY^*’ specific nomenclature is badly wanted. 

ISO 
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exposed. Naphthalin (CioHg), which is a hydrocarbon 
occurring in large quantities in the heavy coal oils 
(naphthaline ompounds amount to from 30 to 60 per cent, 
by weight), is in its pure state a white substance, taking 
the form of closely-adhering rhomboidal crystals fusing 
at 7q"C. (174-2'' F.), vaporizing at 212° to 220°C. (413*’ 
to 428''F.), and having a specific gravity of 0-9778 
at its boiling point ; insoluble in cold water, slightly 
soluble in hot water, and slightly volatile at normal tem- 
jK'ratures. 

A committee of the American Wood Preservers’ Associ- 
ation (Proceedings, 1915) gives the following definition of 
tar and creosote oil : Tar in the scientific sense may be 
properly defined as the non-aqueous liquid product ob- 
tained in the destructive distillation of complex organic 
matter. Tars vary greatly in character, both chemical 
and physical. They may be roughly«divided into three 
classes : {a) Tars consisting principally of compounds 
belonging to the aromatic series and containing well- 
delined amounts of phenoloids. {b) Tars consisting 
principally of compounds belonging to the aromatic 
series, but lacking phenoloids. (c) Tars consisting princi- 
pally of compounds belonging to the aliphatic series. 
Creosote oil, in the scientific sense, may be properly defined 
as any and all distillate oils boiling between 200 ''C. and 
4()0°C. (3q2‘'h'. and 75o'’F.) which are obtained by dis- 
tillation from tars consisting principally of compounds 
belonging to the aromatic series and containing well- 
defined amounts of phenoloids. 

The specifications of the Post Office for the creosote 
treatment* of })oles contains, amongst other provisos — 
(rt) To leave not less than 25 per cent, nor more than 
35 per cent, residue when distilled up to a temperature 
of 3if)‘'('. (boo’S^'F.) {b) To contain not less than 15 per 
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cent, naplithaline. (c) To contain not less tlian 5 ])er 
cent, of phenol and other phenoloids. {d) To be com- 
pletely licjuid at .jS't'. (100*44''.). (c) Not to I'ontain 

more than 2 per cent, of matter volatile at loo't'. 
{212T.) 

The hea\’v or dead oil of tar used for creosotine;, accord- 
ing to Mr. Rowe, should not contain more than i j p(“r 
cent, of water, 5 jMU* cent, of tar, and 5 per cent, of phenol 
or carbolic acid. It must not tlasli below 85 t . (183 F.), 
nor burn below (i()()-4 le), and must 1 h‘ tliiid at 

48 ('. (118-4 1\). ^1 should begin to distil at itx) ('. 

( jJoM*'.), and should yield between that temperature 
and 2io ('. (410 F.) of all substances lesh than Jo 
per cent, by volume. Between 210 ('. (410' F.) and 
243 ('. (4t)()-4 ie) llu‘ yield of naphthalin mu^t not be 

less than 40 pin* ('cut., nor more than in) per cent, by 
\*ohime. At 2 ;d)o\(' its li<juefying point it should have 
a maximum specilic gra\itv of ro5 and a minimum 
specitic gravity of 10 15. 

I^xcellent results have B'en st'cured from the use of 
creosote conforming to a number of spec'ilications ; * all 
such oils, however, have l)een ('oal tar oils. 

In detennining the spec i fa * gravity, should the temper- 
ature of the oil be below 38 ('. (loo^gde), it should be 
raised to a temperature of from 43' to 50" ('. (113' to 
122 J'.), and then allowed to ('ool down to ;8"('. (loo’g h'.)^ 
at which temjxTature tlu- hydrometer ii-ading sliould be 
taken. If above 3,8 it should be cookaldown as abovi' 
mentioned. The hydrometer should be one reading 
specihe gravity direct at an temperature of .l8^’('. 

That the j)resence of cref>sot(‘ in wood does not prevent 
the entrance of moisture has been jiroved, and theexclu- 

1 Sec also Appendix, pages 20.V f(jr extracts from some other 
typical creosote oil specitications. 
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sion of the latter cannot therefore be claimed for creosot- 
ing. The reason why creosoting protects timber from 
decay must therefore be looked for in the fact that the 
cell walls arc protected, in short that the food supplying 
the destroying fungus is poisoned by the antiseptic. 

The above statement as to the penetration of moisture 
was proved by a test carru'd out in 1903-1904. Certain 
(20) t(degraph poks were weighed wet out of water, 
again when dry, and a third time after creosoting ; after- 
wards they were weighed at intervals. The results of 
the weighings are given in the following table.^ 


; Wcijjht 
( w(. Ors. 1 ,b, , i)er cubic 
loot ill lb, 


Oct. 15, 


W’cij^dit after rrt'o.solin 
/ Weight after six 

g Cf-: J JO 

1 * 

0r8 > 

Apr. 18, 

I (>{).| . 

' 1 

months’ storing in the 
[ o})c*n 

/ Weight after nine^ 
1 inontlis’ storing in the 

1 : 150 3 05 

1 ■ 

1 1 

^> 3^54 

July 2b, 

1 

open, but covered ' 
when raining during I 
1 last three months j 

Weight after stjr-'j 

. 1 141 I 1 

i 

1 1 
j 

61-32 

Oct. 18, 


ing in o]>en since July' 

. ’ J 

' ^ '15 I 

1 

03-27 


Th(‘ 20 ])oles contained -/ ii b cubic feet calliper 
measure, and the oil injected 15-87 lb. per cubic foot. 

Ihe “ creosoting ” process undoubtedly gives excellent 
results, and is extensively used in this country and in 
America. -Although the first commercially practical 

' Creosoted Wooden Poles jor Electrical Power Transmission, 
Telegraph, Telephone Work, etc.: Their Strength and Use. Richard 
Wade, Sons & Co., Ltd., I full. 
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plant appears to be due to Bethel, an authentic record 
of the use of creosote oil, for impregnating timber, as far 
back as 175b is said to exist. Bethel's experiments 
showed that by impregjiati/ig the wood with a miniiniim 
0/ 7 //). of creosote per cubic foot satisfactory results 
were obtained in the case of railway sleepers : for niarine 
work he considered that not less than 10 lb. ])('r cubic 
foot was required. Other experimenters have (anployed 
from 10 lb. to ao lb. per cubic foot. This questi(.>n will, 
liowewT, be found gone into more fully in another 
chapter. 

A standard method of carrying out the “Bethel” or 
creosoting process is as follows : tlu' wood for treatment, 
having been carefully dried, is steamed and subjected in 
a retort to the action of a lieated vacuum of from aa to 
24 ins., so that the thorough and uniform peaietration of 
the preserving liifuid or agent, essential to the highest 
efficiency, may be ensun^d. 

The creosote oil or dead oil of tar is then admitted to 
the chamber, which latter is still maintained connected 
with the vacuum ])um]), at a temperature slightly above 
that of the boiling j)oint of the sap at the pressure in the 
retort at tlie time. The oil in the working tank should 
not be at a temperature bi'lowbf/C. {i5o'8''h'.), nor above 
88 "C. (K/o-q'T.) when delivered into th(‘ impregnating 
cylinder or retort. During the time that tlu; hot oil 
is surrounding the wood, and penetrating into tlu‘ inter- 
fibrous spaces, any a(pieous vapour that still remains in 
the wood rises to the top of the chamber, owing to its 
lesser specific gravity, and is drawn off by tlie pump, and 
when the chamber is completely filled with oil, all the 
remaining moisture has passed off. 

The exhaust pump is then cut off, and, to facilitate and 
expedite the impregnation of the wood, a force pump is 
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started by means of which creosote oil is forced into the 
chamber or retort until the desired pressure, generally 
about 125 Ib. per square inch, is attained. Tliis pressure 
is held until the wood has received th(' required amount 
of the antiseptic agent. The oil remaining is then with- 
drawn from the retort and dump(‘d into an underground 
tank, from whence it is pumped back into th(? iiK'asuring 
tank, the difference in the reading of the tank gauge 
before the oil is put into tlie retort and after it is pumped 
back into the measuring tank giving approximately 
the amount of creosote oil injected into the wood. A 
short final vacuum may be employed to remove surplus 
oil from the wood. 

The impregnation being complete, the retort is opened, 
tlu; treated wood removed, and another charge can be 
inserted. The abo\e practi('t‘, it will 1 m‘ seen, consists 
of two distinct operations, the ])reparc^ion of the wood 
and the impregnation of the preq)ared wood with the 
preservative agent. 

The time required to treat any |)articular wood depends 
upon the structure, size and shape of the wood, and upon 
the method of treatment adopted. For operating the 
full creosote process with 10 lb. treatment the cycle is as 
follows ; steaming to 20 lb. pn'ssuri', ^o minutes ; steaming 
to 20 lb. to 35 lb. pressure, 3 hours 30 minutes ; blowing 
off, 15 minutes ; vacuum. 45 minutes ; creosote oil to a 
pressure of loo lb. per scpian' inch, i hour 30 minutes ; 
forcing back solution, 15 minutes ; vacuum, 15 minutes ; 
total, 7 hours. 

'I'he practice in the United States in the case of what 
is usually termed the “ full-cell ” creosote process is to 
employ a pressure of from 100 lbs. to 125 lbs. per square 
inch, the wood fibres and cells of ties or sleepers being 
impregnated with from b lbs. to 12 lbs. of creosote oil 



186 THE PRESERV ATIOy OP WOOD 

per cubic fool, and piling witli from lo lbs. to 20 lbs 
per cubic foot. Sometimes the wood is subjected to a 
vacuum at the linish to drain the surplus oil from the 
exterior of tlie wood, and thus to prewnt loss by drip- 
page after the wood has been removed from the n^tort. 
The time occupied in this treatment, omitting steaming, 
is 3 hours, including stc'aming, 3 to 7 hours, for slee|)ers ; 
for timber, including steaming, the time occiij)i('d by the 
treatment is 7 to ii hours, and for piling, 12 to 24 liours. 

h'or wood-paving blocks it was at one time tlu‘ general 
practice to inject 20 lb. or even 24 lb. of oil j)er cubic 
foot, resulting in exe'essive bleeding of the oil from the 
blocks, 'rile practiec' now is to subjec'.t the blocks to a 
dry heat of from 121' to 138' ('. (24()-8 ' to 28o’4‘T'.), or 
to steam them at pressures varying from 25 lb. to 30 lb. 
per scjuare inch for periods varying from three to four 
hours, or more, d^'peiiding upon the condition of the wood. 
A vacuum of 24 to 26 inches is tlu.m drawn to remove 
moisture, the [inservative being then admitted without 
breaking the vacuum and the necessary pressure' apjilied. 
Tile amount injected is about i (> lb. per cubic foot on 
the average, according to present practice. 

The oil most geiK'rally em|)loyed has a spe'e'ihc gravity 
of ru) to rig. and contains a large' proportion of tar, 
being usually required to Ix' iK'arly free from ('arbon. 
X(j [lo.^itive data regarding tlie value of cri'osote' oil from 
water gas tar being available, it is at jiresent, as a rule*, 
excluded from spc'citications. 

It i^ usual m a number of works to add a (('itain jier- 
centagi' of refined low-carbon coal-tar lo creosott? oil 
of a certain grade', that is to say, creosote* oil having a 
specific gravity of approximately i-eig or less at 38'^C. 
(ioo'4 T). This aelditiem is made because it was found 
that by adding a small percentage of coal-tar to creo- 
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sote of this ^rade, it is possible to make a heavier grade 
oil. 

A good deal of difference of opinion^ has been held as 
to th(' propriety of this practice, and in view of its growth 
during recent years a paper by Dr. Hermann \'on Schrenk 
and Alfri'd L. Kammerei was read at the A.R.hhA. Con- 
v('ntion in Chicago, I\I;u'ch, 1914. outlining the best in- 
formation availabl{‘ with res]:)ecl to this subject at the 
present time, d'he authors deal with tfie subject at 
considerable length, and the paper is very fully illustrated. 
Amongst th(' conclusions whi('h they arrive at is that 
tli(^ information availabU' seems to indicate that the 
addition of low-carbon coal-tar to oils inferior to American 
l^ailway hjigine('ring Association Xo. t spc'cilication oil 
does not rcHluce the* penetration obtainable, provided 
suitable methods are adopted at tla* creosoting plants to 
bring about the proj)er mixtun' and injection. They 
find also that little risk is taken from the antiseptic stand- 
l)oint. 'riie results also seem to indicate that the addition 
of the relini'd coal-tar materially tends to retain creosote 
oil in the timber. The addition also makes possible the 

‘ Mr. P. ('. Pt'illv (■' Discaission on a Sp('(Mlicali(.)n fen* a Coal- 
tar ('reo.sote Solution,” /Ver. Aint'ticdn li'ood Pyrserreys’ .Issoci- 
alio)i, i‘)i 5) savs that he has foinul that the degree of jienetration 
ot creosote oil is reduced l)v the addition of coal t;ir, and the larger 
the addition of the tar to the creosote oil the greater the decrease 
of the penetration of llu' ” solution. ” 'I'his. he says, is a natural 
consetjueiua', resulting from the addition t)f a. material (tar) 
has iiig a very high viscosity and low co-etticient of jienetration. 
In fact, the so-called ” solution ” (tar added to creosote oil) 
is not altogether a solution, Init in part a mixture, and that 
jiart of the material which is not entirely dissohed is separated 
from the solution by the straining nature of the wood fibre, 
which acts as a filter cloth when wood is treated with the “ solu- 
tion,” and there is deposited on the surface of the wood a heavy 
viscous pitch. This dense, pitchy coating is the element which 
hinders the free and even penetration of the solution. 
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utilization of tho poorer i^rades of creosote oil, which are 
coming more and more into use, and that wlu'n* such oils 
are used with the coal-tar addition, smaller (]uaiitities 
can be used at a probably lower cost than wheo' larg(T 
quantities of the same inferior oils are used. K('m(anl)er- 
ing these indications, it is pointed out tli:it the co.il-tar 
addition, when properly used, is worthy of trial. Where 
it is thought desirable to add refined c(xd-tar to creosote 
oil, it should be obsiavinl that only a low-carbon coal- 
tar should be used, that is. one having a pcrcrn(ag(‘ not 
to exceed 5 or 6 per cent of free caibon. 

J^efore tin* combination of creosolo and coal-tar is 
used for the impregnation of timbi'r, tln' two Mdcstances 
should be thoroughly mi.xed in a tank ivx'ived for that 
purpose, preferably at a temjH'ratiii’e of alx^iit ( . 
(about T(So and during the* process ol iiii])r('gnation 
the tempi'ratuiv of the mixtuiv' in tli(' cylinder should 
be maintained at least at 82' C. If ,',,al-tar, nioivover, 
is used anywhere, it should be mix('d with the creosote 
oil under the immediate diivclion of the railroad companv, 
or other user, and with their full knowledge. 

As a result ol a number of tests to delcainine tlu' dis- 
tilling j>oints, spt'cific gra\ ities and viscosities (jf \-arioiis 
mixtures, the following sfxrihcation is given (American 
Wood Iheservers Association, 1013) hu' a ('oal-tar cre()S(jte 
solution . 1 he oil shall be a, pure c(jal-tar prodiK t, con- 
sisting only of c(Kd-tar distillates and oils obtaiiu'd by 
the nitration of <'oal-tar. It shall contain no admixture 
(jf crude tar. Water shall not excerd 2 per ccait. Sjus ilic 
gravity at (loo-q 'h'.) shall not be less than ro() or 

more than 1 10. Matter inscduble on hot extraction 
with benzol shall not ex('(M!d 2 per cent. Viscosity 
(Icngler) at 82'3'^f . (r(Sf)de) shall not be more than 5() 
for 200 c.c. Xo variations above 5q seconds shall be 
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allowed. On distillation by the standard method of the 
A.R.E.A., it shall yield the following fractions based on 
dry oil : Not more than i per cent, at 170 °C. (338°F.); 
not more than 5 per cent, at 2io°C. (4io°F.) ; not more 
than 30 per cent, at 235°C. (455‘'F.). The residue at 
J55°C. (671 °F.) shall not exceed 26 per cent. 

Fig. 97 is from a photograph of a section through a 
Baltic pin(‘ creosoted sleeper after sixteen years’ ser\’ice. 
l‘ig. r)(S is a long-leaf en'osoted wood paving-block after 
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after nearly anhydrous oil has been obt*iine(l, it is \’erv 
difficult to keep it in that condition, l lu' access of water 
to the oil takes })lace from a nuin})er of causes, amon;.;st 
which may lx* mentioned leaks in llu' steam ('oils in the 
storage tanks; ('ondiMisation of sfeam and moistuo' from 
the timber in tlu' ri'tort ; wlu'ii muh'rground tanks are 
used the si'page of ground water through fault seam-^ 
or pinholes; and wlu'ii ojhmi tanks are used raiii-w al(‘|- 
will also lodge on the toj) of the oil. This lattei . Iiowewi . 



J. al .. reosoted u<mu| |)avin-diK)(,k alter tweiit vaa-IiL 

Nears' ser\iee. 


iL<l\-aiUa,i;. (j|i> inaMiiiK li as it fdiiiis a laulci tioii a, gainst 
liiv and ,ui(l iHacli. ally the wlailr of il can hr 

>yj)honed off. 

Tie w.itcr (.in be easily ,y,,t ri,| „[ when the tank is 
lilted with steam coils and in daily nsi>, btil where the 
oil is stored in a reserw storage tank only drawn on 
at lony inteiwais, some diHienlly will be cxireriencetl as 
in a cold condition there will be a stratilication of the 
contents into three distinct horizotittil zones of varyiiif; 
depths dependiiift "I'on the specilic gravity of the oil, 
VIZ.: an npitcr zone consisting of free water; a tniddle 
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zone which will be an emulsion ; and the lowest zone con- 
taining the smallest amount of water in so-called chemieal 
combination with the oil. This latter is nsnally'a small 
percentage and may b(‘ ignored ; it is also the most acces- 
sible and that generally lirst used. 'Flu' water from the 
emulsion in tlu* 


middle zoiK' is 
the most dilh- 
('11 It t o d e a I 
with. 

Thes(' dilli- 
culties are dealt 
with by M i'. 
Thomas White, 
Assistant Man- 
ager of Ameri- 
can Creosote 
W o r k s , in a 
pa])er rc'ad at 
th(‘ I()i4 mec't- 
ing of the 
American W'ood 
P r e s e r \’ e r s ’ 
Assoc i a ti o n. 
n e a t i n g the 
cont('nts to 
boiling point, 
he says, in an 
open tank with 
steam coils will 



{'leate an upward circulation, which will continue after 
the steam has been shut off and until the li(]uid thoroughly 
cools. Since the water is lightest it will rise to the top, 
wliere it can be readily drawn off. If the tank is provided 



rv.n^nicA pilo hum Musco-cc Wluirl 

n* than tvvcnty ycars' scrvico in bad 

r (‘xlniction, which is the best 
III the creesoting plant, is the 
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still method. Ordinarily, the use of the still for this 
purpose at the treating plant is seldom recpiired, and in any 
case its comparatively higher cost of installation and 
maintenance makes it rather prohibitive. Although 
the still may be used to refractionate the oil to make 
either a lighter or heavier one, at the same time the open 
tank, with its necessary steam coils, is always resjrve 
storage capacity. 

Of the two styles of stills, namely, the horizontal and 
the vertical, Mr. White thinks the lattt'r one most prefer- 
abl(‘ for water removal, although th(‘ horizontal still seems 
to be used almost uni\-ersally throughout the United 
States for tar distillation. lA’cn from the })()int of con- 
struction and maintenance, tin* vertical one is most 
fa\X)urable in that it would not recjiiire a separately-built 
Muoke-stack and when burned out at the bottom could 
be rephuanl easily. It sliould induci' bcMer e\aporation 
in that there would be a moo' direct and (piicker ( ircula- 
tion of the gases. While tlie heating surface a})j)('ars 
less this may be increased by the use of vertical lire Hues, 
which would also S(‘r\e as smoke-stacks. There would 
also be h'ss tendency to foam, which means that the ojx'ra- 
tion could b('. rushed more with h'SS danger of the oil 
boiling out of the still. 

The open-tank method, according to Mr. White, will 
evaporate at least i per cent, of water per day while tlie 
liquid is kept heated above 82''C. (ijqb'Mh), not to 
mention the free water which would separate and rise 
to the top. The still method will probably evaporate 
about I per cent, of water per hour. The still would 
require extra fuel and attention, whereas the open-tank 
coils would tax the main boiler and its fireman very little 
more. 

Of the numerous other methods of water extraction, 
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mention may be made e)f the centrifugal, vacuum, electrical 
and splash j)r()('ess('s. 

Tlu‘ centrifugal process is said to operate (luiti' satis- 
lactorily in the case of oils that are fri'e from dirt or 
suspended mat tor. Where dirt, liowewr, is present tlu' 
centrifugal a<'ti()n com])acts it in the bowl of the centri- 
fugal machine, in the form of a hard crust, which impedes 
the ai'tion of the machine, and re(|uires the use of cold 
chis(‘ls in order to remove it. 

The electrical method consists in the application of 
high-tension, high-fre(|uency electric currents to the oil 
in thin layers. 'I'o collect the water Di'. Allen uses Canto 
llannel whibt .Mr. h'ulweiler em[)h)ys line coj)j)er gauze. 

In the s{)lash nwthod the oil is pumped under pressun; 
again>t a. splash plat(\ tlu* j)ri'ssure and si/e of nozzle 
being best detennined by e.xpcriment. Ihnulsion con- 
taining cSo perh ent. of water is said to haw been reduced 
to 40 {)er Cent, by this method. 

The Commit t{‘e on Plant Operation, American Wood 
Preservers’ Association. i(p5. recommend that the old 
method of a tloat gauge b(' recognized as a standard method 
for determining the amount of oil injected into a charge 
(jf material, the last tank n'ading shall be converted by 
correction for temperature into a reading corresponding 
with the tenij)erature of the first reading, and the difference 
between tlu^ first gaug(; reading and the corrected last gauge 
reading will re.present the tank feet of fractions thereof 
injected into the charge, and the weight of oil injected 
to be determined from this difference as represented in 
tank feet, taking the weight of oil at 48T. (ioo*4MC) 
as a basis from which and to which to work, allowing a 
variation in volume of the oil of i per cent, for each 
22 difference in temperature. 

Mr. George M. Hunt, chemist, Forest Products Labor- 
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atory, Madison, Wisconsin, U.S., in a paper read before 
the same Association, ;:,dves particulars of a number of 
experiments carried out to ascertain the temperature 
cliaipLjcs in wood under treatment. The material used 
was sawed maple, red oak, loblolly pine, and hemlock 
ties h in. by 8 in. by 8| in., as being commercially valuable 
r(‘presentativ('s of ring-porous and diffuse-porous hard- 
woods, and slightly resinous and highl^^ resinous conifers, 
both green and seasoned ties being used. Tlie following is a 
brief abstract giving some desc'dption of the apparatus 
employed, thi' method of conducting the work, and a 
summary of the r('sults obtained. The paper is illustrated 
by a number of diagrams showing tlu'. interior temperatures 
of the s|)ecimens during treatment. The treatments 
W('re made' at the laboratory in a ft. by ii ft. treating 
cylinder cepiipped with steam coils, thermometers, and 
pressure and \’acimm gauges. Indicating and recording 
thermometers were used for obtaining the temperature 
in the cylinder, and a platinum resistance thermometer 
with a whij)ple indicator for obtaining the temperature 
within tlu' ti(\ A hol(‘ i| in. diameter was bored into 
th(! end of the tie to a depth of ov('r 26 in., an iron 
bedplate \\’ith a hole in the centre being then fastened 
to the emd of the tie, through which the thermometer 
was passed. In a number of runs the thermometer 
readings were checked by the use of thermo-electric 
('art ridges. 'I'he oven-dry weight per cubic foot was first 
determined for ('ach tie from a 2-inch moisture disc cut 
from one end of the tie. This, with the volume of the 
tie, and its weight at any given time, allowed its moisture 
content at that time to be calculated. The heating 
media used were saturated steam at atmospheric pressure 
loo'd'. (2I2°F.), saturated steam at 20 lb. pressure 
i26°(k (259°F.),<ind hot creosote at atmospheric pressure, 
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In all treatments the /icatin^^ was continued until tlic 
rise in temperature within the tie was not iiioic than 
iT. (i '(ST.) in ten minutes, but in most runs the hcatii\^ 
was continued considerably beyond this point. At tlv‘ 
conclusion of the heating period a vacuuni of j() in. 
was applied for an Jionr. The teniperatnn' and pressure' 
of the heatiiyit medium and of the interior of the tie we're 
read and recorded at 10- minute intervals. The weit^ht of 
the tie was taken immediately before and after treatment 
and usually half an hour and 24 hours after treatment. 
The results of the t'xperiments are summarized as follows ; 

(1) In most of the lies tiu're. was no a})preeiable rise in 
interior tempt'iature duriuj^ the first ]o or 40 minutes. 

(2) The interior of tlu' ties ni'ver (|uite attained the 
temperature of the lieatinj; medium. (;,) In tlu' treat- 
ments with steam at 20 lb. j)r<'ssur(‘, tin* time re(|uired 
for the interior to reach 100 C. (2i2^h'.) varied frojn 2:j to 
5 hours, the average being 4 hours and 20 minutes. (.|) 
Upon the application of the vacuum the interior tem- 
perature fell very rapidly. (5) Tlic rate of in('reas('. of 
interior temperature was greatest in the treatment with 
steam at 20 lb. i)ressure, and least with creosote at 
(i 85°F.). (6) The rate of increase of interior temperature 
was slightly greater in the treatment with steam at looT. 
(212' F.) than with creosote at the same temperature at 
zero gauge pressure. {7) Seasoned tics lieated more 
rapidly than green tics. (8) No appreciable difference 
in the rate of increase of interior temperature due to 
difference in species could be determined. (9) In the 
steam and vacuum treatments, green tics always showed 
a loss of moisture, while seasoned tics sometimes showed 
a gain and sometimes a loss. (10) Practically all the ties 
continued to lose weight during the first 24 hours after 
treatment. Creosoted ties lost less weight during this 
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EFFF.CT OF TREATMENT ON MOISTURE CONTENT. 


(i. M. Hunt. Forest Product laboratory, U.S. 


Species. 

Tie No. 

Heating 

Mediiiin. 

Moi< 

Before 

Treat- 

ment. 

ture Content.* 

Imme- 24 
diately ; hours 
after after 

Treat- Treat- 
ment. nient. 




Per 

Per 

Per 




cent. 

cent. 

cent. 

Red Oak . . . 

- ^ 



<'5 

5 - 

50 

.. ,, ... 

a 



97 

58 

59 

... 

S 



hi) 

54 

54 

1 lard Maple . 

1 1 



80 

71 

<>3 

.. n • • 

'•1 


Steam 

(>() 

()I 

59 

.... 

'7 


20 11). 

i8t 

2 2 

^5 

Loblolly Pine. 



])(T sq. in. 

40 t 

41 

39 


3-2 



20t 

27 

-4 





I 7 t 

45 

43 

JListern IIemlo('k 

-^3 



3 ht 

34 

31 

i> .1 




2 It 

19 

17 

Red Oak . , . 

I 



2St* 

29 

27 


3 



hh 

80 

88 

II ,1 ... 

7 



80 

87 

83 

Hard Maple . 

10 



3 “ 

49 

45 

.. ■ . 

J 3 


Steam 

9.5 

89 

84 

,, . . 

lO 


.Atmospheric 

45 

44 

41 

Loblollv PiiK' 

2 S 


Press lire 

^9t 

-i3 

19 

.. 

3 > 



34t 

3« 

27 

II ,1 

34 



39t 

42 

• 37 

J eastern Hemlock 

22 


• 

38t 

38 

^5 

,, ,, 

^5 



27t 

27 

^5 

Red Oak . . . 




()0 


?: 

II II • • ■ 

1 9 



7^ 


,, 

Hard Maple . 

i L 5 



70 

,, 

,, 

II II > • 

18 



79 

,, 

,, 

Loblolly Pine . 

.33t 

) 

(.'reosote 

44 


,, 

M II 

39t 



^5 


,, 

Red Oak . . . 

3 



95 


,, 

Hard Maple . 

12 



49 


,, 

Loblolly Pine 

3ot/ 


i 

31 

- 

- 

* Based on oven 

-dry weij 

jht of wood. 

t Seasor 

led tie. 


I Moisture content unknown, due to absorption of unde- 
termined quantity of creosote. 
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period than steamdd ties, (ii) In the treatment witli 
steam at 2olb. pressure. tlie ;:;reen ties were badly I'hecki'd. 
while seasoned ties were not so seriously affeet(‘d. In the 
other treatments none of tlie ties were seriously eheeked. 

The Boi’ET()X-(T’inis-Is.\A( s-Hi'ehi.eu Proc ess. 

This method, whieh is known as tin* Boulton pro('( ss 
(Pat. 1871) Curtis tS: Isaacs, Pat. 1805 Biic'hler). is said in 
be in e.xtensive use on the Iku ifK' ('oast for tlu* treatment 
of Doufiilas lir. Brietly, the j)roeess is carried nut as follows; 
The wood to be treated eitlu'r in a , careen or partiallv 
seasoned condition is run into a cN’linder oi- retort on 
tiam-cars and the door stsaiicd. 1 he charge ol anti- 
septic- -i^etierally creosote oil - is admittf'd until the wood 
is submerged and the temperature is raised to tort) ('. 
to i()7-j'( . (213 }\ to 223 Id) and boilinc^ kt'pt up 
tor from 4 to 8 liour> a{'cordin.4 t(; the (diaracter of the 
wood and the (Vmdition in which it is whem bein.c Ireated. 
The ])rocess sometimes includes the application of a 
vacuum to assist in the libiaation of the saps from the 
W(jod. ITessure is iK.cxt applied and maintained until the 
desired absorjction has been obtained, or until Mich tiiiK' 
as the wood refuses to take in any more fluid. 'Idie 
I)ressure is then stopped, the surplus fluid is drainc'd from 
the retort, after which a vacuum is formed for tlu* purpose' 
of expeditinc; the dryinij of the wood and to prevamt 
drippin^( when removed. Tlu' antiseptic or prc'sc'rvativc' 
extracted from the treated wood by the vacuum is draini'd 
from the retf)r1 and run back into the workinf< tank. 

The RrEPixo or Rtipixo Process. 

P>rietly, this process, which is chic'fly usc'd with oil of 
creosote as an af^ent, consists in forcinp^ compn'ssed air at 
a pressure of from 80 lb. to 100 lb. per Sfjuare inch into 
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the pores or cells of tlic wood (previously either air- 
seasoned or steamed in a retort), and, at a higher pressure, 
creosote oil, without relieving the air pressure. 

The retort is filled witli oil by means of an equalizing 
reservoir or pump, so as to avoid releasing the air joressure. 
The oil pressure thus started at from 80 lb. to 100 lb. 
per S(]uare inch is then gradually increased to about 
150 lb. per S(|uare inch, compressing the air that has 
be('n forced into tlie cells or pores of tlu' wood into a 
smaller volum(‘, and allowing from about 10 lb. to 12 lb. 
of creosote oil per ('ubic foot to enter the wood. 

Upon relieving th(' combined air and oil })ressurc, and 
draining the oil from th(' retort, a vacuum, or rather a 
partial vacuum, is [)roduced tlierein, which })ermits the 
air enclosed in the cells or ])()res of the wood to expand 
and force out the surplus oil from the wood fibres, leaving 
the latter impregnated, according to somt' authorities, 
with from 4 lb. to 6 lb. of creosote j)er (*ubic foot, and, 
according to others, with as litth' as 2 2 lb. per cubic foot. 

This process is on what is known as the enqity crll 
treatment, and aims to materiallv reduce the final 
amount of creosot(‘ retained per c'ubic foot, whilst at the 
same tiiru‘ gi\'ing an ecpial de[)lh of penetration, and it 
is claimed to be (‘SpiM'ially ada])ted for the treatment 
of ties or sleepers. The time occupied in treating 
sleepers, omitting steaming, is about 4.} hours, or, in- 
cluding steaming, bi to 8! hours. The time occupied 
in carrying out the different stages of the process, using 
equalizing cylinders, is as follows ; air to 80 lb. pressuia' 
per square inch, 30 minutes ; transferring creosote oil. 
20 minutes ; creosote oil to 150 lb. pressure per square inch, 
I hour 30 minutes ; maintaining 150 lb. pressure per square 
inch, 15 minutes ; forcing back creosote oil, 20 minutes ; 
vacuum, i hour ; maintaining vacuum, 15 minutes ; drain- 
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ing, 10 niinuics ; total time oeeupi('d, 4 hours 20 minutes. 

The Rueping process lias been patimtecl in Great Britain, 
(jermany, and the United States. Tt was primarily 
devised with tho object of ivducing the cost of crcosoting 
by preventing the lu'aAy loss occasioned liy drifiping 
when the wood is tiwited by tiu' (udinary jirocess. 

Jaiige (jiiantities of oil are known to diain out of wood 
('reosoted in the ordinary way wlum placi'd in w'rtical ])osi- 
tions in thr ground, such as tologra])!! poles and ]H)Sts. 
and to a somi'what Ksscu* extent from siu'h wood whon 
pku'ed hori/ontally.^ The following tabh* gi\’(‘S thi* nsiilt 
ol a test niad<' bv Missr>. Kidiard Wade, Sons d- ('o.. J,td., 
to as('(‘rtain what amount of cn'osote is ivally lost in this 
way. 1 h(' lest was ('oninu iK'ed in th(‘ winter months, when 
creosotr i< les> li(]uid than during thi' summer montlis : 
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Note : The above jioles were laid on the ground 
horizontally for thre(‘ weeks, to allow' the creosott' to 
solidify as mueh as jiossible IxdoK' erc'cting on (md. 

‘ Sec also " Bleeding aiul Swelling of Paving P, locks,” Appen- 
di.\, j)ages 307-309. 



PKI.\'CIPAL AGENT.'^ AND PROCESSES 201 



Fig. ioi.— Messrs. R. Wade, Sons cS: Co.'s Kucpenizini? Works. Staddlcthorpe, Yorks. View showing pole yard with 

impregnating works in the distance. 



principal AGKNTS and PROCLSSKS 2 o:J 

The creosote used in tcstj(;iv(‘ on analysis th(^ following 
results : 

Spccilic gravity at i3‘5 (6o F.) .... 1072 

'Total (listillnto nt 100 ('. (2i2"T'.) .... o-or 

-• .. .0 3'3 T'. (0(X)' F.) .... 7.1 -68 

Messrs. Richard Wade, S<uis cv Co., of Hull ; Burt, 
Bonllon c'c Haywood, Ltd.,; .Vnnstrong, Addison (!v Co., 



I'lo. 103, Section of beccluvood treatoil 1 )\' the I\iu‘|)in!4 process, 
inagnit'uHl 100 diameters. 

Ltd. ; J'jiglish P>ros., lUd. ; ('orrv cA ('o. ; and The Post and 
'relegra])h Lines are at the |)resent time concessionc'rs 
for the working of the Rueping ])rocess in the United 
Kingdom. Pigs, iot and 102 are two views of Messrs. 
W'adc’s works at St addle! horpe, Yea ksliire. The lirst 
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view shows llie j)oIe yard with the* ijiipn'i^nat 111,4 works 
in the distance, and the second an ('nlar^ed view of tlie 
impregnating works. In tliis ('oiintry, the writer under- 
stands, the usual practice is to force* the compressed air 
into the wood at a jiressnre of about 5^ lb. [ler sejnare iiu'li, 
Ihe advanta.ges elaimi'd for the* Rne})in,4 jirocess an* ; 
A thorou,4h saturation of the whole of that portion of 



the timb('r whieh ean be satnrateal by the* ])res('rving 
hfjiiid. Tile absorption of only so inueli liepiid as is 
iK'eessary to aeeoniplisli tliis. The; oo/.ing and swe'ating of 
wood is rompl(*tely jirewiited, the* timber bein.g dry and 
clean. A great saving in cost without nahieing the lih* 
(A the timber. 

I'i,gs. 103 to lop show variejiis deseaiptions of wood 
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Figs. 105, 106, 107, 108 and 109. — Sections of redwood sleeper^ treated by the Rueping process with 4 lb. of creosote oil 

per cubic foot. 
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tiwitcd on the Ruo})ii\q systt'in, from \\'hi('h it will bi' 
seen that a very effective penetration of the antiseptic is 
secured. Fig. lO] is a section of bi'cch wood inagnifu'd 
100 diameters. Fig. 104 is a section of a piece of 
red hr magnilied i*S() diameters, bigs. 105 to no) are 
sections of redwood sleepers also treated by the I\ne})ing 
process with 4 lb. of cn'osotc' oil j)er cubic foot of timbi'i'. 
The above illustrations, F'igs. jog and 104 of which arc 
by Messrs. Hulsberg tV ( 0., P>erlin, ]ia\'e b('(>n rej)rodu('('d 
from a publication of Messrs. Richard Wade. Sons d: Co., 
Ltd., on “ The Antis('pti(' Treatment of Timlx'r, or The 
Riiping Ih'ocess of Creosoting.” 


Till': Lowin’ Fk(k i:ss. 

In the Lowry ))r(H;e>s, also ()|)erating on the empty cell 
treatment, the set^soned wood is placed in the retort and 
submerged in creosote oil, from 10 lb, to 12 lb. of 
which, per ( ubic foot of wood, is forcc'd in at a ju'es- 
siiH' of about iSo 11 ). per S(|uarc inch, so as to 
saturate the pores and cells. 'I'lie retort is then 
drained, and a quick \’;icuum prodiu'ed and maintained 
for from one to two hours, le.'iving the wood fibn's 
finally impregnated with from 4 lb. to (> lb. of oil per 
cubic foot. 

This process is chiclly intended for the tn'atment of 
sleepers, and the timi‘ occupied in the imiiregnation of 
thoroughly aii'-seasoned wood is from four to six hours. 
The details of the process are ; ( leosote oil, 2 hours ; 
draining creosote oil from retort, 10 minutes ; \'acuum, 
2 hours ; draining, 10 minutes ; total , .{ hours 20 minutes. 
The average temperature of light creosote oil during the 
treatment is yj'X. (i7o^FC), and of heavy creosote oil 
82'-'C. (180MC). 
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The ('urtis- Isaacs Ckkc)Sotix(s Process. 

A proc’css for crcosotini^, patented some \a'Ars iigo in 
the. United States by W. (i. ( nrtis and J. Isaacs, of San 
i^'raneisco, consists in placini; the chaif^e of timber to be 
treated in a retort Iiavinp o])cn \'ents or ports to the 
atmosphere, introducing suhicient oil of creosote to sub- 
merge' the charge, and then heating tlie oil and timber 
to a temperature above the boiling point of the sap at 
ordinary atmospherie' pressure, by which it is claimed 
that the sap is e.xpi'lled from the wocxl. The ports or 
\('nts are tlu-n closed and tlie oil is forced under pressure 
into tlu' pores of the wood t(.) take the place of the 
cN’aporati'd sap. 

Tui: ZlNC-CREOSOTi: OR KlK.l-R PROCKsS. 

According to this process, which appears to have been 
first introduced in Uiermany by Julius Rutger in the year 
i<S74, the wood first air-seasoned, or steamed in a retort — 
pn'ferably both— to reduce moisture and expel the sap, 
is subjected to a vacuum for one hour. The retort is then 
filled with a hot emulsion formed of \ lb. of dry zinc, and 
from 1-5 lb. to lb. of oil of creosote per cubic foot of 
timber being treated. Pressure is next applied by forcing 
in additional emulsion at a pressure of between 100 lb. 
and 150 lb. per S(|uare inch, after which the retort is 
drained and a \acuum produced and maintained for 
about half an hour, to draw out the surjdus emulsion 
from the exterior of the wood, and so prevent loss — as in 
the processes previously described — by dripping after the 
wood is removed from the retort. 

It should be noted that it is necessary either to employ 
a special oil, or to keep the emulsion in a constant state of 
agitation during the operation, in order to prevent a 
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separation of the zinc and tlie creosote oil. The reijuisite 
agitation is usually affected by a centrifugal pump, which 
draws the emulsion from the top of the retort and 
dischaiges it into tlie bottom, through a perforated 
pipe. 

This |)r()CL‘Ss, wliich is lik(‘wise intended principally for 
the treatiiK'nt of sleepi'rs, laapiires for the latter, includ- 
ing steaming, from si.\ to nine hours, 'fhe full details of 
the treatment are : steaming to 20 lb. pressure per 
scjuan^ inch, }o mimiti'S ; steaming to 20 lb. to J 5 lb. 
pressure })er sejuan* inch, 3 hours /,o minutts ; blowing 
off steam, 10 minutes ; \'acuum, i hour ; emulsion to 
120 lbs. pressure per S(|uare inch, i hour ; maintaining 
120 lb. pressuH' p(‘r s(juar(‘ inch, i hour ’,0 minutes ; forc- 
ing bac'k oil, 15 minutis ; vacuum, 20 minutes ; draining, 10 
minutes ; total, S hours 25 minutes. The steaming time 
is frecjucntly reduced by 2 hours, in which case the time 
occupied would be h hours 25 minutes. 


The ('.\ki> .\m> the Ai.earj)Vce Processes. 

the zinc-creosote princess is sometimes, espt'cially in the 
I'nited States, known as the Card process, from Mr. ). H. 
( ard, who has introduci'd se\eral impro\ements in 
working. 

A zinc-creosote process has also been devised by Allar- 
dyce, and both methods liave been practised for some 
years in the C'nited States. The most e.xtcnsively used 
treatment is the ('ard, in which the creosote and the 
chloride of zinc, which arc of different specific gravities, 
are emulsified by means of a centrifugal pump. The 
Allardyce process, which is used to a lesser extent, consists 
in a two-movement application of the two preservative 
agents. 
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ThI- ( KliU-KKSlXATK PROCESS. 

This process is list'd by the United States W'ood Pre- 
servini^ Company, ol New Wirk, and, according to good 
authority, is a vt'ry etheient oni^ for wood paving-blocks, 
the chief noxt'l feature in tJie process seems to be the 
substitution for steam ol air raised to a temperature of 
I2I°C. (250' F.), and at a pressure of about 100 lb. to 
the stpiarci inch. Die air jiressure is claimed to prevent 
the checking of the block, and llu; air is kept at the same 
l('m|)erature and prexaiK' until the centre of th(' wood 
being tn-ati'd rea( In s a tenijH i'.d ure of kkPC. (212 1 ^'.), 
at whic'li all germ lih‘, the chiel cau^e of decay, is destroyed, 
'rile temperature of tlie air is then reduc'd to b5'5"’(\ 
(i 5 (Ph.), and siibsecpicaitly the air is exliausted from the 
retort and a. Nauaium of 2() im lu'S is {uimpc'd, th(' charge 
of antiseptic' agent being then inserted. I'his agent 
c'onsists ol 30 j)(‘r cent, of oil of crc'oscfte, .j.<^ per cent, 
ol rc'sin, and 2 pc'r ('ent. ol formaldehvdi'. This mixture is 
lorced into the wood under pressure so that the pores are 
thoroughly im])regnated. and 22 lb. per cubic foot is 
takc'u up. 1 hc' wood is next transferred to anotlu'r 
retort and trc'ated with a solution of lime, raised to a 
tennierature of ioo"( . (2i2''F.) and at a pressure of 150 
lb. pc'r scpiare inch. The wood is then allowed to cool 
gradually. 


Sapoxii'ied Cki'.osoti;. 

Ihe idea of using saponihc'd crecisote appears to ha\’e 
lirst occurred to Mr. S. II. ('ollins, M.Sc., of Armstrong 
( ollege, Newcastle-upon-ryne, and is intended chiefly as a 
means of cheapening the creosoting process by permitting 
of a reduction in the stn'ngth of the liquid by the addition 
of water. Saponitied creosote is thus rendered available 


V 
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for the treatment of timber, on the simple open-tank 
method, for estate work, and performs the same office of 
cheapenin^^ the lattc'ras the J^iieping process does for the 
pure creosote method, byenabliipe; a portion of the surplus 
liquid whicli has not been actually taken up by the walls, 
etc., of the wood elements to be withdrawn. Saponified 
creosote is also asstu ti'd to !:;i\ e ('xcellent results as ref^ards 
penetration. 

A paper ‘ on the “ Preservative To’atment of 'rimber 
for hstate Purposes,” by J. V. Annand. M.Sc., of the above- 
mentioned college, gives the roults of a number of experi- 
ments with sa{)onitied creosote by the ojien-tank method. 
Tlie wootb selected for the experimental treatment wen' 
Scots pine, spruce, sycamore, and bc'ech, which are con- 
sidered tvjiical of tlu' sp(‘cies of timber commonly used for 
fencing and otla'C estate |)urj)oser>, and the inh'rior sorts 
of which ('amu)t l)e used with ad\'antag(' without the 
help of some jiresei \ati\v. Sc(it> |)ine. is a wood which 
takes large (|uantiti<s of ereosote, whilst spruce absorbs th(‘ 
oil with difliculty e\ (‘n when ( oiujiaratively well seasoned. 

The creosoti* oil ined wa^ taken from average* sample's 
of about 2,000 barreh in use* on a Xorthumberland e'state* 
for pre M'rving e'state timlie-r, the' price of the oil, inchieling 
carriage, being 4-^/. pe r gallon. The' analysis of this 
cre'osote maele by Mr. Collin^ ga\e' the' following results ; 

l’«r ce'iit. 


l.i^lU oils (under teiiiperature 205 ('., ,| 10 le) . 13-5 

*.\it|>)uhalcnc oils (205 ' to po ' to ,^73 'j’'.) . 37 0 

Ifeaxy (dls to 173 t() 50*'^ 1'.) . . ^’87 

Pitcli (o\er 3 !(> ('., (>oo-r8 lej . . . • 1 |•3 

.Middle oils (245 to -'71' t ., 173' to 3i'r8 Ic) . . 

lOO’O 

Water ......... None 

♦ e.i)iitaiiiiii^; .V.ii)litli.»kiic, (ro. 


(Jitaylcrly Journal of Forestry, July, 0314, 
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The saponification of the creosote is obtained by adding 
a very small proportion ( j per cent, or less) of sodium 
hydroxide or caustic soda (NaHO). The saponified 
creosote can be diluted to any desired extent by the 
addition of wat(M'. In the experiments creosotes saponi- 
fied by caustic soda and with water added were used of 
the following strengths : 100 per cent., 50 per cent,, 
.>3i cent., and 10 per cent. 

'fhe papi'r under consideration contains a large amount 
of tabulated and other data relating to the experiments 
in (luestion, the following being the main conclusions 
arrived at : 

The addition of a small percentage (| percent, or less) of 
caustic soda in pure creosote improves j)enetration in the 
case of timbers which take the preservative with difficulty. 
Saponification of the creosote makes it possible to dilute 
the preser\'ative by the' addition of waiter, and thus 
cheapens the creosoting process. A\'erag(i creosote may 
be diluted to half its full strength with good results — if 
much weaker, the penetration bec'omes less complete, 
especially in the case of green, or only partially seasoned 
timber. 



CHAPTER VIII 

Principal Preservative Agents and Processes (continued) 

The Bichloride of Mercury Process or “ Kyanizing "--The Zinc- 
chloride Process or " Burnettizing ” Burnettizine " — 
'rhc Zinc-tannin or Wellhouse Process -The Bouchcric 
Process- 'rhe Ifasselinaun I’rocess -Tlic Vulcanizing or 
Haskinizing Process— -Tlie Saccharine Solution or " Powel- 
lizing " Process - The Buissani Process- -The Crcsol-calcium 
Process — The Aczol Process- — The Naphthalene Process— ■ 
The Use of Natural Oils as Preservative Agents. 

The Bichloride of Mercury Process ok 
^ '' Kyanizing.” 

HE preservative* ])roccss usually known as ” kyaniz- 
ing,” from the name of the in\ entor, Jolin Howard 
Kyan, who introduced it into this country in tlie year 
1832, consists in steeping or soaking the wood in a solu- 
tion of bichloride of mercury or corrosive sublimate 
(HgCla), the solution gc*nerally used consisting of i lb. 
of the salt to 99 Ib. of water. 

In the year 1836 this process was introduced in Wkjol- 
wich by the Royal Engineers, but it has now practically 
gone out of use in England. The chief objections to tlic 
process are the high cost of the agent, and that, being 
carried out without pressure, it is a comparatively slow 
one, occupying iis many days as the pressure processes do 
hours. According to Mr. Samuel M. Rowe, an authority 
on the preservation of timber in America, the usual 
rule there — where the process is being carried on in some 
localities, the most notable plants being those of the 
212 
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Berlin Mills Co., at Berlin, N.IL, and Otis Allen & Co., at 
Lowell, Mass., and Portsmouth, N.H. — is to allow the 
wood to steep in vats for a length of time depending 
upon its least thickness, thus if the timber is 10 ins. X I2 
ins. thick it would remain in the vats eleven days ; if 
() ins. X 9 ins. it would steep for seven days. 

The wood is complet(‘ly freed from bark and after 
having been air-seasoned is placed in the steeping tank. 
Cross-ties are placed over the wood and lastly top beams, 
kept down by iron clamps. The solution is then pumped 
into the tank, and according to Dr. F. Moll, well-seasoned 
wood will absorb within a week liquid to the extent of 
about 10 j)(’r cent, of hs volume. From time to time 
fresh solution must be added, and as the quantity of salt 
absorbed by the wood is n^latively larger than the amount 
of water that is absorbed, tlu^ degree of concentration of 
the solution will fall below the desired (ine of i in 150. 
W’hen the solution becomes too weak, it should be 
strengtheiK'd by the addition of sublimate, which may be 
dissoK'cd in a suitable dissolving pan. The most simple 
method of as('ertaining the strength of the solution is, 
according to J3r. Moll, that by titration in a gauged test- 
tube by means of a solution of iodide of potassium of 
known concentration. 

After the wood has been in the steeping tank for a 
sufficient time, the remainder of the solution is drained 
out through a valve situated at the bottom. The top 
beams are then removed from the tank and the impreg- 
nated wood is taken out and transferred to the stores. 

Since igoo nine works have been established in Ger- 
many and Austria for operating on the “ Kyanizing ” 
process. 

Owing to the bichloride of mercury used as the anti- 
septic in this process containing hydrochloric or muriatic 
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acid (HCl), which acts injuriously on iron, it has been 
found impracticable to attempt to impregnate the wood 
under pressure. 

The labours of Pasteur and Hart ig have shown that 
apparently the effect produced by the sublimate lies in 
its exceedingly toxic effect upon the li\'ing plant cell, that 
is to say in this cas(‘ the C(‘ll of the wood attacking and 
destroying fungus. 

The Zinc-chloride Process or “ Bcrnettizini; " 

Sir William Burnett’s invention, known as “ burnettiz- 
ing,” was introduced in i<S]8, and the process consists 
briefly in the destruction of the tendency possessed by 
certain vegetable and animal substances to decay, by sub- 
jecting them to the action of chloride of zinc (ZnClj). 
The degree of dilution recommended by the inventor is i 
part by volume to 50 ])arts of water, and the impregnation 
is now most commonly carriial out under a pressure of 7 
or 8 atmospheres, as used in creosoting. In Germany, 
where the process is probably the most used, the wood is 
steamed under a j)ressur(‘ of from ()0 lbs. to 70 lbs. per 
square inch, preparatory to burnettizing. The solution 
employed is generally composed of 2-5 per cent, of ziiu'- 
chloride and 97-5 per cent, of water. 

In the United States the solution most commonly used 
consists of -5 lb. of dry zinc ])er c\ibic foot of wood treated. 
The wood to be treati^d is first air-seasoned in tlu* open, 
or steamed in closed retorts to expel moisture. The first 
stage of the cycle consists in subjecting the wood in the 
retort to a vacuum, which is maintained until the solution 
is introduced, and the wood is completely submerged. 
Additional solution is then pumped in and the pressure 
increased to about 100 lbs. or 125 lbs. per square inch, until 
the required amount of penetration and impregnation is 



PRINCIPAL AGENTS AND PROCESSES 215 

obtained, the remaining solution is then drained from the 
retort. 

Two reports made by committees of experts to the 
American Wood Preservers’ Association in January, 1915, 
recommend tliat tlie above standard practice, which ensures 
Ihe retention of I lb. of dry salt per cubic foot of timber, 
should be the minimum, and suggest that under usual 
conditions a lb. injection per cubic foot would be ad- 
visabk'. Ihe following method of pre])aring the solution 
is given: llu' tused chloride shall be put into a small 
vat, or tank, preferably of stind construction, and watei* 
added until same is converted into a concentrated solution 
(about a 50 p{'r cent, solution) ; this is to be added to 
solution in working tank as needc'd. The b('st results an' 
obtained when the solution is maintained at an even 
strength in all {)arts of the working tank, and it is essential 
that proper provision be made for keepmg the working 
solution well mixed. 

The solution used consists of a combination of zinc 
spelter with hydrochloric acid, leaving no free acid. TIk' 
strength of the solution is perha])s b('st arrived at by 
experiments with the particular wood to be treated. 

It is important that the zinc-chloride should be as 
free from all impurities of any kind as is practicable, 
being basic and devoid of free acid. The commi'rc'ial 
chloride is dissohed, shortly before being recpiired for 
use, into a concentrat('d stock solution from 35 to 50 
per cent, in strength to ensure thorough dissolving, 
and any free acid being taken up by tlu* spelter placed 
in the vat. The diluted solution is made by the addition 
of the requisite amount of water to this stock solution, 
the most convenient method of testing the strength of the 
solution being the Beaume hydrometer. 

The full programme of the process is as follows : 
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Steaming to 20 lb. iiressme per siiuare inch for ju min- 
utes : steaming frnn, lb. to j.i il,. pressure per square 
mcli for bonrs ,jo minntes ; blowing off steam, 13 
minutes; vacnmn. 43 minutes: solution to about 
100 lb. pressure per sipiare inch. 43 niinnles ; solution 
mamtained at loii lb. ])ressure per sipiare inch, i hour 
15 minutes ; lorcmg back sohilion. 13 minutes • total 
time, 7 boms 15 ininiites ; or, if the stenmiiig time be 
lediiced by 2 hours, 3 hours 13 niiimtes. 

The principal recommendation jmssessed by this agent 
IS that, of cheapness. It possesses no value for ''’the 
protection of iriles or limber against the attacks of marine 
worms, although it is said to be nsidiil as an aid to ihe 
impregnation of j)ik‘s, etc., with crt'osolte 

llie use of this process is recommended in arid or .seini- 
arid regions, atul parlicniarly on track ties and other 
material with mechanical lif,- limited to eleven years; 
also for woods resistant to creosote. It should not lie 
used where mechanical wear is .■liminaled. nor in situations 
where the treated timber is in permanent or intermittimt 
contact with either stagnant or flowing water. H is 
also thought that consideration should be given to its 
use on overhead trestles and similar striictiiri 's, and under 
usual conditions three months' seasoning after treat nieiit 
IS recommended as being advantageous. 

When timber impregnated with zinc-chloride is snb- 
ected to wet, a certain amount of the agent wastes or 
leaches out, the percentage of loss gradually diminishing 
This loss does not appear, however, on investigation 
^ be so serious a matter as it would seem at first sight. 
Experiments, described in the luigmcering News, made 
by Mr. Octave Chanutc with wooil treated by the zinc- 
chloride process, during which efforts were made to 
extract the preservative by long-continued and oft- 
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repeated series of immersions in water, showed on drying 
and analysing that, although a small, regularly-decreasing 
amount does waste out, after about (nghtcen months of 
strenuous treatment, only 28 per (*ent. of that originally 
absorbed was extracted. 

Another scries of leaching tests (F. j. Angier, Proc. 
Amer. Wood Preservers’ Association, i()i5) made with 
Lodgepole pine and Douglas hr ties, some seasoned for 
six months after treatment and before the test for leaching 
was begun, and others freshly treated and full of the 
water solution, gave the following results ; Less than 
]o per cent, of the zinc ('hloride was removed from the 
wood in nearly a year’s time, and the largest part was 
h'aclied out in the first 70 days, or approximately 18 per 
cent. It was also shown that with freshly treated tics 
tile lea(iiing was much more rapid, almost the entire loss 
being within 70 days. The test was carried out by weigh- 
ing the ties befon' and after treatment, to find as nearly 
as possible the number of grains of pure zinc chloride 
absorlied by each tie. JLicli tie was submerged in a pan 
filled with water and left for 24 hours, after which it was 
taken nut and allowed to dry for six days, the process 
being repeated continuously for many months. After each 
soaking a measured quantity of the water was taken out 
from the pan and the amount of zinc chloride determined. 

'fhe appliances required for carrying out the. zinc- 
chloride process are practically the same as those used 
for “ creosoting,” except that for the latter process a 
storage tank will be required for receiving the oil, and 
that the retort or impregnating cylinder is fitted with 
steam-heating pipes to maintain the necessary fluidity 
of the oil. The main pipes through which the oil is passed 
should also, for the latter process, be heated by internal 
steam-pipes for the same purpose. 
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Burnettizine, 

This proprietary preservative solution is made by Sir 
W. Burnett & Co., Ltd. It is used by the Post Office for 
telegraph jioles wIkmc creosoting would be undesirable, 
also bv railway, dock, and shipj)ing companies. 

This agent is claimed not only to ])res('rv(‘ tlu* w'ood 
against deiaiy, but to reiKhu' it practi('ally liroproof as 
well as strengthening it, and, m()reov('r, to It'aye it 
('lean and odourless. It is said to (mter the heart of 
the W(X)d and form an insiduble chemi<'al ('ombination 
that will not wash out. 

The pnacess is ('arried out as follows : The timber to 
be treated is plac'ed in a ('ylinder or retort, and a yacuum 
is first formed to e.xtract the air and moisture. Tlu' 
charge of preservative solution is then admitted from a 
storage tank through a suitabh' valve, and, as soon as the 
cylinder is completely charged, pressure |)um])s are s('t in 
motion, the amount of j)ressure im))art('d being indicated 
on suitable pressure gauges, 'fhe amount of solution 
taken up \’aries of course with different woods; in the 
case of yellow deal, however, lo lb. ))er cubic foot is 
found to give tin* lx‘st n'sults. 

As soon as the (h'sired impregnation has been obtained, 
tht' remainder of tlu* solution is forced back into the 
storage tank, and the timber is th(‘n removial from the 
retort and stacked to dry. 

h'ig, no is a vii'w of Sir \V. Burnett ^ Co.’s “ Burnet - 
tizing ” works situated at Nelson Wharf, Millwall, London, 
1 C., and Fig. in is a view of the wharf, showing a ({uantity 
of “ Burnedtized " (iencral Post Office telegraph poles. 

The pier at Tilbury, shown in Fig. 112 and built in 1906, 
is constructed of timber treated by this process. The 
timber us(*d in the refrigerating installation on the 
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R.M.S.P. Co.’s s.s. Dana, launched in IQ13, was also 
treated with Rurnettizine.” 

The Zinc-tannix or Wellhouse 1'rocess. 

This process consists in subjecting the wood to he 
treated to tlu' action of steam in a retort or impregnating 
cylinder for a period sufficient to o])en the pores and 



I re. I In, -Sir Wni, Unnictt A Co.’.'i " Unnu tti/.inj; " W'nrks, Xelson 
Whiirt, Millwall, I.oikRmi, 


expel the natural sa])s, followed by a vacuum of from 
18 to 26 ins. to withdraw the vapours and free the wood 
from the ('ondcnsed steam and volatilized saps. The 
antiseptic, agent consists of a solution of zinc-chloride 
of a strength of from 1-5 to 3 per cent,, according to the 
nature of the wood, with a proportion of dissolved glue 
equal to one-half of i per cent. (The Allis-Chalmers 
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Company give tlie proportions as 5 lb. of dry zinc-chloride 
pins -5 ])cr coni, of ghu* or golatinc' i)er cubic foot of 
wood.) The solution is held in the retort at a pressure of 
from TOO lb. to 125 lb. |)er scpiare inch for 2^ to 6 hours, 
after which it is forced back into the storage tank and- 
a one-half {xa* cent, solution of tannin or tannic acid 
((\mI 1 o.O,;) is introdiu'ed and held undt'r the same 



I’F',. in. \'ic\v sliowiti'^ “ |}iirri(tli/('a ” (CP.O. polecat 

Sir Will. I’.tirnnt iV (’o.’s wharf. 


pressure .as befon* for .about two hours. Aft('r the with- 
dniwal of th(‘ l.atter the opi'ration is com])lete. 

In some w'orks the practice of introducing the glue in 
a separate solution is adopted ; this necessitates the 
provision of anotlicT storage t.ank. 

The zinc-chloride solution is the same as used in 
the zinc-chloride j)rocess. The glue (‘mployed is the 
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ordiritiry iirticlc of coiiiincrcc : those ^liies, however, 
having the highest percentage of gelatine being preferable. 
The tannic acid generally consists of an e xtract of lu'in- 
lock bark. Jn'om 25 to ;;o pen* cent, of ])iire tannic acid 
should be |)resent. 1 he amount of tlu* glue and tannin 
should be one-tentli of tlu‘ anionnt of j)iire chloride used, 
the pro{)ortions of glue and tannin being such as to 



Fie.. 112, A'icw of Tilbury |)icr (eioO) built »tf “ lUiructti^cd Timber. 


ensure the absorption of the prescribed amount of pure 
chloride per cubic foot of wood. 'I'he amount of ghu^ 
should be at least i })er c('n(. in weight of the whole 
amount of chloride solution. 'I'he strength of the 
tannin solution should be at least 1 per cent, in weight of 
the whole contents holding the tannin solution. . 

The time occupied in treating the wood by this |)rocess 
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is, for ties or sleepers, omitting steaming, 4I lioiirs, 
with steaming, to 8i hours ; for timb('r, omitting 
steaming, 5I hours, with steaming, to 14I hours. 

The zinc-tannin process differs only from th(' “ Hiir- 
nettizing ” juocess in tlu' addition of the glue and th(‘ 
siibseqiu'iit In'atnuMit with tannin solution. I'Ik' glue 
and the tannic acid combine and form a leathery and 
insolubh' ])roduct claimed to as>ist in rendt'ring tlie wood 
impervious to the absor|)tion and gi\'ing off of moisture*, 
and thus to pre\ent the zinc-chloride from leaking or 
being waslu'd out. 

The |)lant ie(|uiivd is practically the* same as that use'el 
for the “ Ihirne'ttizing ” pre)Ce*ss. 

Thk Ihucniani. ok Sia.i'iiArr: or ( enaaiR FKoea:ss. 

This method uf ])re*ser\'ing wooel was hist mooteel in 
Paris in the* year iNqo. It consists in impregnating 
either standing or freshU'-cut timber with a solution 
of sulpliair of ('<)j)p(‘r or blue* vitriol (('uSO,, -f 5! IT)), 
file prescrx ati\(* is cithrr applied to the* tre*i* whilsl 
growing or directly afti*r being felled, in the latter case* 
not mor(' than three* m<»nths shoulel be* alloweel to pass 
before e)})e'iating upe)n it. The first method has be'en 
abandoned for \ arie)us i)ia( tical reasons, anel the*, second 
is carried out as follow> : The trunk of the iK'wly-felle'd 
tiee is (lit inte) suitable l(*ngths, for say two railway 
sleepeis. A e to>s cut is the*n made eent rally in e'ach of 
these lengths for about nine*-tenths of its diameter, and 
a wedge is inse*rted. A core! is tlien wound round the* 
cut surface*, and the* wedge being re'inovrd a central 
e hainbe r is fe)rm(*el whie h is ]>laceel in ceinne'e tion through 
a flexible pi))e with a re servoir eontaining the preservative, 
and placed some' 25 ft. above the l(*vel of the timbei, 
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The fluid, which consists of a 10 or I2 per cent, solution of 
copper in wat(‘r, enters this chamber and pressing upon 
the sap tubes, causes the latter to pass out at each end 
of the log, itself taking its place. A chemical lest enables 
the operator to asc ertain when all the sap has been 
replaced by the coppea' sulpliatc*. Boucherie occasionally 
employed chloride of calcium, pyrolignite of iron, 
prussiate of iron, prussiatc' of copper, and \'arious other 
metallic salts, but as a general rule sulphate of copper is 
used, t'.xcept when the hardness of the wood is a desidera- 
tum, when it is replaced by pyrolignite* of iron,! gallon of 
iron to () gallons of water. \\ ht‘n lle.xibility or elasticity 
is desired cliloride of calcium is employed. 

Metal caps for forming chambers for the antiseptic 
solution, which can be secured to the ends of the timber, 
may bi* used Instead of the above arrangement. These 
ca{)s an* connc'ctc'd to the rc'sc'rvoir. • 


Till-. lI.\ssi:i.M.\.\.\ Pko( i;ss. 
riie wood, seasoiiecl or steanu'd, or l){>th, is placc'd 
in a retort, which is then dosed, and a \ acuum pum])ed 
for about one. hour, the solution being then admitted 
with the \ acuum still on. I he solution consists of 1-5 
per cent, of copin*!' sulj)hate (t ’5 ^'^'Ut. 

solution of aluminium sulphate* (Al:.3SO.,), and potassium 
sulphate (K.,S()4) in proportion in accordance with the 
condition of tlie timber. When the ix'tort is about 
filled, the main valve is shut, and li\e steam is turned 
into the solution, through which it is distributed by a 
perforated pi|)e, heating tlu* solution to from US'"!. . 
to I2b-()d;. (245''F. to 2()odv). and giving a gauge 
pressure of about 35 lb. ’per S([uare inch. Ihe wood is 
kept in this boiling solution for from two to three hours, 
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when the latter is drained off into a storage tank, or is 
transferred to another retort. 

The main factor in the success of this process is the 
proper pro|K)rtioning of the various ingredients in the 
solution to suit tlu‘ kind of wood to b(‘ tn^ated. 

The plant used for the burnettizing process ( an be us(‘d 
for this pnxTss, iwtra tanks for holding the solution 
and tanks for mixing tlu* chemicals being, howevc'r, 
required, as well as souk' slight minor altcuations in 
piping, etc. 

Ihk Vul( Amzi.\(; ok “ 11askimz[\(. ” Pjox }>s, 

Ihe vulcanizing process, also known as the “ haskin- 
izing " process, from the name of its ‘inventor. Colonel 
Haskin, consists in roasting or subjc('ting the wood, 
W'hicli has been prex’iously dried by steaming, to a tempera- 
ture suthciiaitly, high to ('oagulate tlu' albumens con- 
tained in it, and in conjiiiKtion with pressuo' also to 
form new sub>tances' In other words, tlu' high tem- 
[)erature piaxluces a i'(Sohition of the* woody tibre and 
sap, and results in the j)roduction of wood creosote. 

Albuminous hxad being essential to tin* life of both 
fungi and insects, an alteration in the condition of thes(‘ 
albumens will rendc'r them unfit for the Si'ivice of the 
desti ucti\'(‘ agents. The coagulation of albumens taki'S 
j)lac(‘ between yi‘ and (jq't . (ibo'^ and 2oi'2'TC). 

An examination of wood tn'ated by the vulcanizing 
I)rocess made by Mr. ChaiulK'r, of Columbia College, 
Xew' York, sliowed that ir iq per cent, of new' substance's 
had come into existema', viz., • jx'r cent, of neutral 
oils and turpines, and 1078 per cent, of resinous acids 
and other Ixxlies, a large i)roj)ortion of which consist('d of 
antiseptic and jweservative substances. 

Ihe plant n'ejuinxl comprises one or more air-tight 
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cylinders or retorts, wherein the timber to be treated 
can be subjected to heating and pressure, an air-com- 
pressor, and an air-circulating engine. 

The details of the process arc briefly as follows : The 
retort or retorts being charged with wood to be treated, 
steam is first injected to remove surface moisture from 
the timber, the moist un? thus extracted being drawn off 
by means of cocks. Air is compressed in the compressor 
to a pressure of 200 lb. pea' sejuare inch, the heat of com- 
pression being reduced by sparging or spraying with 
water, and the moist conii)ressed air is dried and raised 
to a temperature of between 94"C. and 204 5°C. (201 *2°^^ 
and 400'’ F.), and is forced through the retort by the 
circulating engine, escaping past a loaded \alve, the 
pressure being kept up by the comi)ressor. 

The time required for treatment is from six to ten 
hours, in accordance with the dimension?, of the timber. 

This process is claimed to be more effective in the case 
of green timber. 

The Saccilxrine Solution or “ Powellizing " Process. 

This process \vas first introduced by Mr. William 
Powell, and is hence usually termed tlie “ powellizing " 
process. The exact composition of the solution used is 
a secret, but it is stated to consist mainly of sugar with 
a small percentage of arsenic added, and probably several 
other ingredients. 

The value of saccharine solutions for the preservation 
of wood is said to have been discovered from the fact 
that the timber of sugar vats is found to be to all intents 
and purposes everlasting. It is averred that sugar 
had never been employed for timber preservation before 
the idea occurred to Mr. Powell, which is probably true 

Q 
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so far as tivatiiHMit on a (•»»niparati\’t‘]y Iai7;(‘ is 
coucenu'd. 

Ill tills \v;iy Mr. Powill ni.ule thr discovoiy that whi n 
timber is boiled in thin saeeharine solutions its eharaeter 
undergoes important t hanges and its valuabh' jiropcrties 
arc' improved. The aii in the colls of thewootl is ('.xpc'llod 
during its immersion in tlie licjuid, tb<* albiiniinous mattc'r 
is coagulated, and the saccharine solution penetrates into 
the pores. The exec'ss of moisture is then K'lnoved in a 
desiccating chamber, and after being allowed to cool 
the wood is tit for immedi<i(e use. If desired, |)oisonous 
substances mavbe addc'd to tlu' sugai’ solution to render 
the wood prool against insects, including white* ants. 

The treatnu'iit is on tli<‘ open-tank or immersion 
system, the tri'ated timber being, howe\-er, subse()ueiit!y 
subjected to artilicial drying. Any description (T tank 
may be used, but a conwnieiit arrangemeiit, especially 
designed for carrying ont the ])roc('SS, c()in))rises a tank 
of the recjuisiti' dimensietns tit ted with stc'am-lu^ating 
pipes and having a water-tight door at one (‘lul through 
which loaded truc ks can be' run in on a set cjf tram-lines. 
The tank liaxing rc'c;ei\'c-d its charge' of timbc'r, this door 
is closed and cold solution is admit tc'd until the* wood 
is covered. Tlie te'inperatun' of tlie* solution is then 
gradually raised to boiling point , and kc'pl at that tc'in- 
jierature for sewral hours, the exact time' \arying in 
ac cordance with the dimensions and class of wood being 
trc'ated. dhe solution is then pc'rmitted to e'oe>l down, 
after which it is run off and the timber is passed on 
into a drying cliamber in whie h the temperature is 
gradually raised until it has been sufficiently de'siccated, 
when it is removed and is ready for use. 

The air in the desiccating or drying chamber is first 
raised to a temperature of from 55-5°C. to 6o°C. (i30°F. 
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to I40°F.), with a humidity of 85-90 per cent., and sub- 
sequently this is slowly increased to a maximum of from 
74°C. to 76*5°C. (i 65°F to i7o°F.), with a humidity, of 35 
per cent. 

An advantage of considerable value said to be possessed 
by this process is that green wood may be satisfactorily 
treated. 

A microscbpical examination of thin sections of wood 
treated as above, made by Professor Norman Rudolf, 
M.Sc., F.I.C., revealed tlu' fact that the cells were swollen 
up, some being apparently hik'd with saccharine matter 
in a non-crystalline form, the saccharine solution liaving 
actually become a part of the structure of tlie wood. 

It is stated that the (jovernment of Western Australia, 
after so\'ore trials, adopted the process and erected 
large works for treating the timber for their Port Hed- 
land line, over 400 miles in length. Since that time they 
have acquired extensive forests, and have erected a plant 
for treating the timber as rapidly as it is felled. 

The New Zealand (lovernment are also said to have 
recently adopted this process, and are able to use the 
native Rimu wood, hitherto of small v'ahie, wliich is now 
displacing some millions of imported railway sleepers 
per annum. 

A number of treated sleepers made of Pinus Khasya 
were laid on the Government railways in Burma in 1907, 
and according to the report of the officiating Chief Con- 
servator of Forests it has been found necessary to remove 
only one out of nine up to October, 1910, whereas ten 
made from the same species of timber but untreated 
which were laid eight or nine months earlier had to be 
taken up in 1908 and 1909. Tests with other kinds of 
wood yielded similar results. 

Tests carried out by Mr. C. J. Julius, in Australia, 
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on jarrah, karri, ironbark, grey, blue, and red gum. 
mahogany, and other liard woods, are reported to have 
proved that the treatment rendered the wood from 20 
to 35 per cent, lighter while increasing its strength by 
30 to 50 per cent. With soft woods such as Oregon 
pine and kauri the (igiires were from 30 to 35 per 
cent, and from 30 to 40 per cent, respectively. 

The (ii'issANi Pkocess. 

In this pro('i'ss the wood to be pn'ser\'ed is submerged 
in a bath of anthrac'ene and pitch raised to about 140'T'. 
(284"F.), which temperature is below their boiling point. 
Directly, however, the wood is placed in the bath the 
mixture commences to boil, and steam and moistun' 
being given off indicate tlu' passing away of a portion 
of the constituetits of the wood. The cessation of the 
ebullition — which occurs after from two to four hours — 
shows that all the sap and moisture has been given off 
from the wood. 

The wood is next transha red into a cold bath of heavy 
oil of tar, in which it is allowed to remain for about ten 
minutes, and is afterwards placed in a bath of cold 
chloride of zinc, in which it is kept until the desired 
amount has been absorbed. 

This process also is claimed to be especially suitable 
for sleepers. 


The Cresol-calcium Process. 

This process, which has been recently brought out 
by Messrs. F. Friedeman and G. von Heidenstam, consists 
in the use of an agent composed of a mixture of cr6sol 
and milk of lime, the proportions given being 15 grs. of 
burnt lime (90 per cent, to 95 per cent.), 46 cc. of crdsol, 
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containing at least 95 per cent, of tar-acids, and 500 cc. of 
water. 

The theory of the inventors is that 2 ozs. of creosote 
per cubic foot is sufficient for purposes of impregnation, 
the larger quantities ordinarily employed being required 
owing to the difficulty of ensuring even distribution. 
By mixing cresol with milk of lime they claim to bind 
the tar-acids by transforming them into salts soluble 
in water but not volatile. Ordinarily it is impracticable 
to use tar-acids for impregnation, or to use them in 
water solutions owing to their being too volatile, it is 
pointed out that it is a generally accepted fact that 
tar-acids arc efficacious agents for timber preservation. 

The plant required for carrying out the above process 
may be any of those ordinarily employed for impregnating 
timber by the pressure or juieumatic methods. 

The Aczol Process. 

Tills process, which has been developed by the Cie. 
Glo. r Aczol of Brussels, consists in the employment of a 
preserv'ative compound containing certain metallic ammo- 
niates which are claimed to so act as to completely iix 
in the wood treated those phenols forming the active 
constituents of creosote, whilst at the same time themselves 
possessing considerable preservative value. The com- 
pound is supplied in a highly concentrated form, containing 
150 times the percentage of phenols and ten times the 
percentage of metallic salts required to sterilize gelatine, 
which latter is more susceptible than ligneous matter to 
fungoidal attack. According to the makers an injection 
of a 3 per cent, solution of concentrated aczol in water 
completely and indefinitely protects wood from decay. 
The toxic ingredients in the solution are also said to form 
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an absolute preventative against the attacks of tlie teredo 
navalis, the white ant, and other insect pests. 

The treatment may be effected by simple immersion 
or steeping, the time required being from three to ten 
days, according to the species and condition of the wood. 
Where large quantities of timber, however, require im- 
pregnation, a simple form of pressure plant will be found 
advisable': The thin aqueous solution of aczol penetrates 
easily to eve'i y part of the wood, and when once' introduced 
it is said to gelatinise and partly hydrolise* tlie cellulose, 
forming over every tissue and fibre a skin ('ombiiK'd inti- 
mately with the surface' layers, and containing antiseptic 
ingre'dients, anel finally hardening into a tough, non- 
hygroscopic and insoluble' eeunpound, unaffected by 
hot or cold water, e arbonie' aciel, eir by any natural ce)n- 
stituent e)f the atnK)S[)hen‘ or the soil. This iixation 
follows the (lisapj)e'arance' of the volatile alkaline solvent, 
and the cementing teigether eef the hbres and tissues is 
claimed to strengthen the- woeid te) an appreciable extent. 

In piYjof of this latter assertion the' jaequ ie'tors state' that 
according to re'sults obtained by the Belgian State Testing 
Department the- e'nishing strength eif various sample's 
of woexl treate'd witli ac/eil se>hition sheiwed a ()5 per 
cent, increase, whilst the ceimpressive strength of either 
sample's eif aczeilled wood was twice that of similar wood 
creosoted. and about lo per cent, greater than that 
of similar timber treate-d with copper sulphates. As 
regards resistanea' to tearing, aczedled wood was found 
according to the above tests to be 62 per cent, stronger 
than creosoted wood, and 47 [)er cent, stronger than wood 
treated with copper sulphates. 

Further advantages claimed for tliis preservative agent 
are that by suitable impregnation wood can be rendered 
water- proof and non-inflammable, that its weight is only 
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slightly increased, that it remains clean and non-odorous 
and can be painted or polished, that no salts are introduced 
or formed in the wood injurious to the latter or to iron 
or other metals, and that the insulating value of the 
wood is not destroyed. It is also to be noted that owing 
t(^ the preservative being supplied in a very concentrated 
form intended to be afterwards diluted with water, there 
is a considerable sa\'ing in the cost of carriage. 

XA1‘I1TI1ALKN’K. 

Na])hthalene or XajditlKdin (CioHnjhas been employed 
as a pr('servati\'e for a eou|)le of decades or longer, and 
is said to gi\-e satisfaeteny results. It is stated by S. II. 
Collins, M.Sc., and Dr. A. A. Hall, M.Se. {Jounial of iJie 
Sociefy of Chemical Induslry), to penetrate easily into 
the wood, and to ai)pear to evajK)rat(‘ \’ery slowly, and 
as a preservative to app('ar to bt' at least edual to creosote. 
It possesses the advantage of imj)arting a nice colour 
to the tirnbei', and, moreover, does not render it disagree- 
able to handle. 

Tests carried out by the above experimenters with 
posts I rented with naphthalene showed that wry large 
(juantities of the pr(‘S(‘rvati\’e were still present in the 
wood after fourteen years’ use, and that the wood was 
still in a good state of preservation. 

It is also asserted that green timber can be treated with 
naphthalene (jiiite as effectively as air-dried timber. 

Natukal Oils as Pklshrv.\tivk Agents. 

Recent experiments have demonstrated that natural 
oils can be used as preservative agents with a fair amount 
of success. It docs not appear that sueli oils possess any 
antiseptic properties, but they serve, the purpose of 
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stopping up the open wood cells with a substance which 
becomes solid under ordinary temperatures, thus pre- 
venting lieat, moisture and air from ])enetrating into 
the wood, and obviating the assistanct' which tlu'y render 
to the decay-producing organisms in getting to work. 
This proposition seems reasonable enough, as it is geiu'i- 
ally held by timbc'r experts that, in orch'r to ])rodu('(‘ 
decay, moisture and heat must be j)resent at the sam(‘ time 
with access to the air. 

The practi('(‘ of tho Atchison, TopiTa and Santa hV 
Railway is to use crude Californian oil of a N'cry low 
specific gravity with about 75 ])er cent, of asphaltum, and 
the remainder light oils, whii'h \ aporize on being lu'ated. 
The oil is heated to S2 ('. and is forced into 

the wood at a pressure of from 150 lb. to 200 lb. pm' 
square inch. At normal t(‘m])i'ratures the oil is of 
about the consi^stimcy of molasses, but wlien lieated it 
becouKS sulliciently fluid to allow of its penetration into 
the pores of th(‘ wood. A slight vacuum is applical at 
the close of the 0})eration, whicli stalls the port's and 
admits of tlu' wood being handled without difficulty. 

When the process is used ftir sleepers the amount of 
oil injected is from 4 tt) S gallons per slt;eper, and ex- 
cellent results are said to be attained as regards the 
prolongation of the life of the sleejiers. 

The above railway company, it is said, were induced 
to experiment with crude t)il as a preservative agent 
owing to finding the life of untreated sleepers to be greatly 
prolonged on portions of their track on which the oil was 
sprinkled to keep down the dust: the coating of oil 
which spread over the tops of the sleej)ers keeping off 
moisture. 
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Various Propkif.tarv Preservative Solutions. 

T he following all' a Ivw of the nuincrous prej)arations 
now on the market : 

AiifJiroI. 

This is a propiTdary antis('])ti(: solution, made by the 
Antlirol ('ompany, which can be used as a paint, or for 
tlu' immersion or open-tank preu'ess. The solution is 
j)ref{U'ably empIoy('d in a lieated condition. 

/I //as Preservative Solution. 

The ('oinposition of tliis solution is a secret. Jt is said to 
cause slight irritation of a' passing nature, contact with 
the skin shotdd therefore be avoided. The treatment of 
timber with this agent consists in the immersion in a bath 
of the cold solution of a strength of from 15 to 25 per cent, 
for a period of time dependent upon the siz.e and nature 
of the wood to be treated. In the case of sleepers from 
24 to 36 hours will be required. 

After the treated timber is dry, it should, according 
to the makers, be given a coat of hot gas-tar, probably 
to prevent leaching. 
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This is also a proprietary solution possessiiii; antiseptic 
or preservative cpialities, and consisting of a i per cent, 
solution of (linitro-benzol and mineral oil. It lias a 
boiling point of joo^C. (572' F.). 'flu* mode of a])plica- 
tion is the same as with “ Anthrol.” 

CarhoUucum. 

Oils obtained from the distillation of coal-tar con- 
sisting of such oils lu'avier than water wliicli, with tar- 
acids, help to form ('reosobs There are two wiT-known 
grades of this oil on the market, carbolineum Avenarius, 
a preservative solution introduct'd over thirty years ago 
by Mr. Avenarius, and carboliiuaim “ marqiu' delion." 

An analysis made by Dr. Filsinger of the first mentioned 
(see Pyeservahon dcs Bois, Iltairy) shows it to contain 
oils distilling at ^ • (44^^ !'•)> possess a density 

of 1-128, viscosity at 17X'. (()2-t) F.), as com])ared with 
water lo, to ('ontain lo-f) jx-r C('nt. j>er volume of oils 
distilling between 2jo C. (.igf/Jv), and 2 ’/(fC. (5i(8°F.), 
and 12-2 j)er cent, of oils coming over between 270*0. 
(5 iSTv) and goo'd'. (372*1*'.). TIk^ residue is a thick, 
lim])id, red-brown mass. 

('arbolineum heated to from to 94'X'. (149* to 

201 -2*0.) can b(‘ either ajiplit^d lo the wood with a win* 
])rush, or tlie timber to b(‘ tre-ated can be immersed in a 
bath of the warm solution according lo the open-tank 
method, the best tempeuature for the bath being 95*C. 
(203 F.), and the timber being allowed to remain in 
soak for from 3 to 15 minutes, according to dimensions 
and character. 

Experiments have demonstrated that, in the case of 
hard woods sucli as oak and beech, the amounts absorbed 
by the woods in a bath of carbolineum at a temperature 
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of 6o°C, (i4o°F.) were not increased to any appreciable 
extent by prolonging the innnersion to twenty minutes. 
It also appears that an increase in the temperature of 
the bath to 8o°C. (lyb^F.) and over has no effect upon 
the amount of the oil absorbed by the wood. 

Dyphenin. 

A proprietary agent supplied in the form of paste, 
which for use is first stirred w'ith a stick and is then mixed 
with wat('r in whii'h the composition has a high degree 
of solubility. According to the makers an apjdication 
of a 2 per cent, solution obtained by mixing the contents 
of a 2 lb. tin of dyphenin with 5 gallons of water will, 
as a rule, be found satisfactory, h'or the ends of beams, 
etc., a 4 per cent, solution will be required. The solution 
is applied either by steeping or impregnation by steaming, 
or by means of a brush, better ])enetration being secnired 
when it is used hot. The paste may in the latter case be 
cither dissolved in hot water or the solution may be 
heated in a small boiler. 

This preparation is claimed to be a specific against 
the attacks of dry-rot, and not to have any tendency to 
increase the inflammability of the wood. 

Gyccn*Oil. 

This is a product of creosote, and is used in a similar 
manner to carbolineum. 


Ilylinii. 

This preparation is a proprietary article, the com- 
position of which is a secret. 

The strength of the solution for treatment by immersion 
is given by the makers as 5 per cent., and the wood 
should remain in the bath for'' 24 hours. 
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Another j^roprietary antiseptic, nsetl in ;i similar 
manner to earbolinemn. 

The treatmtmt by opim-tank meth(kl is stated by the 
maker to take from lo to 40 minutes, in accordance with 
the density of the wood. The solution should bi‘ lu‘at(‘d 
to from to g4T'. (r/p'bTy to 2or'2d'.). 

Microlinciim. 

A proprietary antiseptic solution claimed l)y the 
proprietors to pn'vt'iU dry-rot, and to protect wood 
from the ravaites of the whit(‘ ants (thermytes) so 
destructive in hot climates. This preparation is also 
stated to act as a safeguard against the teredo navalis, 
and it also forms a permanent stain of \'arious colours. 
It is applied eitlK'r bv means of a brush or by steeping. 

Microsol. 

According to an analysis made by Professor Arth 
(Prhcrvation dcs Buis, Henry), this solution consists 
of sulphate of copper, 70 ])er cent., in crystalline and 
powdered form, sulphate of soda, sulj)hat(‘ of lime, small 
trace of free silicati.*, and a copp<‘r salt of sulphoplumol. 

The treatment is the same as with earbolinemn, the 
strength of the solution varying from 2 per cent, to 4 per 
cent, and the time required being 24 hours or more 
immersion, according to the natiin?, (‘tc., of the wood. 

This preparation is w(?ll spoken of on the Continent. 

Sideroleum. 

This preparation consists of a blend of hydrocarbon 
oils which is claimed to possess considerable pemdrativc 
powers, and to have the property of carrying the carbon 
into the pores of the wood without employing pressure. 
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This antiseptic is stated to render sappy wood hard 
and rot-proof. It is applied cold by means of a brush 
and imparts *a pleasing brown finish to wood (Anderson). 

Solignum. 

A proprietary antiseptic solution made by Major & Co., 
and applied with a brush, cither cold or when climatic 
conditions render it advisable heated to from yi^C. to 
82°('. (itx)^F. to i(So'’h'.). This solution has a tendency 
to work downwards. 


Sotor. 

This is a |)reparation designed for the protection of 
wood exposed to the action of sea water from the attacks 
of marine worms (teredo navalis), and for preventing 
decay (Peters). 


Stop-yoL 

Another proprietary antiseptic which is claimed to be a 
preventative of decay and of dry-rot, and also to render 
wood proof against the attacks of insects. This solution 
should be preferably applied hot, as it soaks deeper into 
the wood and dries quicker than when used cold. It is 
said to be especially suitable for use in tropical climates 
(Pilchers). 

Wilcoo. 

A patented composition for preventing decay in timber. 
It is stated by the proprietors to possess great powers of 
penetration and to enter the knots, cracks, and crevices 
of the wood, driving out all the sap, and rendering it rot- 
proof. They claim that this preservative solution is a 
preventative of dry-rot fungus and mildew, an excellent 
disinfectant, and destroys or drives away all vermin, 
The solution is applied with a brush (Cooper). 
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V^\Rious Othek ProcI'Sshs and Solutions. 

Amongst the numerous other processes, materials, and 
patent or proprietary and other preservative solutions, 
many of which have been used with some success, mention 
may be made of the following: 

Heinemann’s patent provided for first boiling the 
wood in a weak solution of carbonate of soda or other 
alkali or dilute hydrochloric acid until such time as the 
solution ct'ased to abstract ('olour from the wood. In 
this manner the nitrogenous matter is known to be 
remova'd, and it is slated that, after drying, the wood 
may hi; employed in situations where* it will not be ex- 
j)osed to moisture. Jn the case of railway sleepers, etc., 
the wood is subjected to a furtluu' treatment, consisting 
in heating it in closed chambers witli resin and water, the 
combined steam and resinous vapour from the latter 
penetrating the wood, llie steam is subsequently got 
rid of by cooling and sudden ndieating. 

Reiibbit Xowotny suggests the use of fluorides in lieu 
of creosotes and zinc chlorides [Zcilschrijt liW Auf^c- 
uandte C hemic, HcyHu). 

I'or fire-proofing it is slated that soluble glass may be 
substituted for the resin. 

Szerelmey’s patent consists in first immersing in a 
boiling solution of potash and liinc and treating with 
cold dilute sulphuric acid ; secondly in coating with com- 
pounds of petroleum, asphaltum, lime, zopissa, and 
sulphuric acid. 

vSoaking in lime water is recommended for preserving 
from dry-rot and effects of weather, also superficial car- 
bonization by a gas flame or flame of a heavy hydrocarbon 
oil. 

Hubert recommends ferric oxide as being the best agent 
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for prc'scrvini^ wood. J<\)r the inn)regnatioii of the wood 
he suggests that long thin nails be hammered into it, 
or that iroi'i bands be lixed round it, which will gradually 
rust, and, it is stated, impregnate the wood in a uniform 
and permaiKMit manner. 

The method of preser\'ing suggested by L. S. Robbins 
consists in nnnoving the surface moisture by lieat, then 
saturating with vapours of coal-tar, resin, and other 
oleaginous substances. 

\’an der W'eyde’s process for preserving wood consists in 
using a dilute solution of silicate of potash, one or two 
subseijuent coats of a stronger solution being applied 
after tlu' first one has dried. 

('hampy (Baron) pro[)osed to preseiA'c wood by dipping 
it in a green condition in tallow a.t a temperature of 94"' 
('eiit. {2 oi- 2'^F.). The water and gases being driven 
out the melted tallow penetrates the pores of the wood 
under atmospheric pressure. 

The use of chloride of sodium as a preservative agent 
is stated to render the wood Ilexibk' when seasoned. 
Earthy chlorides are employed for rendering wood incom- 
bustible. 

Phosphate of baryta (barium monoxide or baryta, 
IhiO.) formed within the fibr('.s of the wood has also 
been used to prevent decay. The wood is first steeped in 
a solution composed of 7 per cent, of phosphate of soda, 
and when dry is treated again with a solution consisting 
of 13 per cent, of chloride of barium (BaC.'lo), u soluble 
salt which is one of the most important compounds of 
barium. 

Behr s patent comprises boiling the wood in a solution 
of borax. 

Davison and Symington remove moisture from timber 
by means of a desiccating hot blast. 
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Payen’s process consisted in iininersing green wood 
in melted resin, wliicli, he claimed, after the water and 
gases had been expelled, entered the pores ()f the wood 
under atmosplieric pressure. 

Chapman employed a special metliod of tK'atment with 
sulphate of iron or green vitriol (hV'SOj-f jUdt)- 

A process said to be used in Montreal consists essentially 
in employing an emulsion of waste sulphite licpior and 
creosote oil, to which may be added soluble salts, such as 
chloride of zinc, mercuric chloride, copper sulphate, etc. 

Beaumartin’s process consists in impregnating wood 
with ^■arious metallic salts, on tlu* juinciple of osmosis 
produced electrically. According to L'clcHricien, Paris, 
1906, the limber is hr>t phua'd in a retort, and copper 
or zinc sul[)hate, or sodium siii('ate, is injected under 
pressure. The W(jod is then subjeeled to tlie action of 
an alternating current of electricity, by means of which 
the state of the libres and sap, and of the injected salts, is 
so modified that the latter combine with the organic 
elements of the sap and encrusting matter, and form 
insoluble salts which remain fixed on the fibres and 
prevent putrefaction. The alternating currents, more- 
over, it is claimed, destroy all \’egetable and animal 
germs, and cause the fibres themselves to be so trans- 
formed as to increase both their tenacity and their 
mechanical resistance. 

Zinc-chloride (Znt’l) and sodium-iluoridc (NaF) mi.xcd 
in equal quantities arc recommended by Mr. H. B. 
Malcnkovic ; the strength of the solution, which is used 
according to the open-tank system, is 3-5 per cent. ZnCl 
and 3 5 per cent. NaF. 

For mine timber the United States Forest Service have 
experimented with (i) a preservative agent consisting of 
creosote and carbolineuin Avenarius heated to a tempera- 



VARIOUS PRESERVATIVE SOLUTIONS 241 

turc of 82°C. (i8o'’F. nearly) and applied in two coats 
with brush ; (2) a bath composed of a 15 per cent, 
solution of common salt and a 6 per cent, solution of 
zinc-chloride and creosote, the wood being immersed or 
steeped in an 0})cn tank in successive hot and cold baths 
of this agent ; (3) treatment in a closed retort in a vacuum 
and under pressure, the agent used being zinc-chloride 
solution and creosote. 

In a modification of l^lythe’s system the wood is sub- 
mitted in a retort to the action of superheated steam 
at a minim um temperature of 20()'’C. (392"^?.), which 
steam is caused to pass o\’er a reservoir containing 
('reosote, the products of condensation, comprising 
water and creosote, being then drawn off, the retort 
filled with a charge of creosote, and steam pressure 
applied, the creosote l)eing extracted from the water 
evacuated during th(‘ lirst stage for further use. 

A system used in f'rance many years ago, and said to 
have given excellent results, consists in placing the wood 
In a tank with a layer of quicklime on the top, which 
lime is slowly slaked with water. The time required for 
this treatment is about seven days, and the timber so 
treated is said to acquire a remarkable degree of hardness. 

A process used in Belgium consists first in exposing 
the wood in a retort to a vacuum and afterwards impreg- 
nating und('r pressure with an agent formed by a two-third 
solution of gutta-percha to one-third of paraffin, and 
heated until sufficiently liquid. 

An infusion of quassia wood has been used with 
some success. 

A strong solution of sulphate of iron and sulphate of 
copper, injected under pressure (Boucherio and Sage and 
Fleury-Pironnett processes) . 

A steaming vacuum -pressure process, sulphate of 

R 
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copper solution (Sage and Fleury-Pironnett). This process 
should be carried out within about ten days of felling 
the timber, and the life of the wood is affetted by the 
nature of the soil it may come in contact with. 

A Preservative Sotutiox named Crksoyle. 

Tungstate of soda and water solution of a specilic 
gravity of 1-2 (Joni's’s process). 

Sulphur immersed in nitri(' acid and distilled (Evelyn’s 
process). 

Hot anthracene oil used at Dortmund ('olliiuies. 

To ('very gallon of water ; ozs. croton tiglium seeds, 
j o/s. margosa bark, ] o/.s. sulplmr, 2 o/,s, blue \itriol, 
solution for preventing attack by white ants. 

Piister’s method of diffusion in frt'shly-liewn wood. 
Impregnation with molten sulphur. 

Faleir’s method of destroying the fungi of dry-rot in 
buildings affected by heating beyond 40^C. (io4''F.), 
which is the temperature at which tlu' myceleum of the 
merulius is killed. Owing to th(‘ fact that wood is a poor 
conductor of heat, it is considered desirable to raise the 
temperature of the entire building to 42"'’('. (107' I".), 
and to maintain this temperature for at least two hours. 
It is important to be quite certain as to the exact nature 
of the growth, as if the fungi b(' grown inside the wood 
h('at will only expedite the work of destruction, as fungi 
of this class flourishes more actively at the temperature 
fatal to the dry-rot fungus. 

A paint which it is claimed acts as a preventative to 
dry-rot consists of the following ingredients : Wood tar, 
I part ; train oil, i jmrt ; oil of cassia, i part. A thin coat 
to be applied to the wood. 

A combined scasiming and preservative process used 
in France consists of a tank charged with a solution 
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composed of 5 per cent, resin, 10 per cent, borax, a 
trace of carbonate of soda. Tlie wood is stacked on a 
lead plate 'in the bottom of the tank, and another lead 
plate is placed on the top, the former bein^^ connected 
with the positive pole and the latter willi the negative 
pole of a dynamo. The current passes from the upper 
plate through the wood, by which it is said the sap of the 
wood is driven out and tlie resin and borax take its place, 
filling up the cells and interstices. 

St. Preuve’s process consists in forcing steam into the 
pores of the wood, and subsequently by causing a con- 
densation of this steam, drawing or sucking in the pre- 
servative solution. 

Brochard and Watteau s process is a simple one. The 
wood to be treated is placed in a suitable cylinder or 
retort and the door being closed it is filled with steam. 
A vacuum, or rather a partial vacuum, is then produced 
by forcing in a cold preservative solution composed of 
salt, etc. 

Mann and McPherson, for preventing the attacks of 
white ants, recommend a composition of gambir made 
from gutta-gambir, the juice of the Uncaria gambir 
inspissated by decoction, strained, suffered to cool and 
harden, and either made into balls or c\it into cakes. 
The composition above referred to consists of three parts 
of gambir melted in twelve parts of dammer oil over a 
slow fire, one part of lime being then well stirred in, and 
the whole then ground down, after which it should be 
again heated, and a small proportion of oil sufficient to 
bring it to a proper consistency added, when it can be 
applied to the surface to be protected like paint. 

A proprietary composition known as “ loracine ” 
(R. Lehmann & Co., Ltd.) is claimed by the proprietors 
to stop shakes and to prevent wood from splitting. 
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The following list gives the names of some of the sub- 
stances which have been patented for use as preservati\'e 
agents : 

Acetate of copper ; acid vitriolic ; acid of tar ; alum ; 
animal glue ; animal wax ; arsenious acid ; asphaltum ; 
borax ; carbonate of ^baryta ; carbonate of potassa ; 
carbonate of soda ; chloride of sodium ; chloride of 
zinc ; creosote ; corrosive sublimate ; lime, quick- 
lime, water ; metallic sulphurets decomposed by an 
acid or a metallic salt ; marcosites mundic and barytes ; 
mother water of marshes ; muriate of soda ; nitrate of 
potassa ; oils, vegetable, animal, mineral ; peat moss ; 
phosphate of baryta ; potash and lime ; pyrolignite of 
iron ; refuse liquors of chlorine works ; resin ; silicate 
of potash : salt, neutral ; salt, odenites ; smoke ; 
sugar : sulphate of alumina ; sulphate of baryta ; 
sulphate of copper ; sulphate of iron ; sulphate of lime ; 
sulphate of soda ; sulphuric acid ; tallow ; tar ; 
zopissa. 



CHAPTER X 


The Absorption Limit and Life of Preserved Wood. 

Amounts of Preservatives absorbed by various Woods — Life of 
Preserved W’ood. 


Amount of Preservative absorbed by various 
Woods. 


T he practice of Mr. Bethel, the inventor of the 
creosoting process, was to use from 8 to lo lb. of 
creosote oil for land purposes and about 12 lb. for marine 
use, per cubic foot of wood, and no timber was allowed 
to leave his works without being tested to ascertain 
whether it had absorbed the proper amount of the pre- 
servative. The amount found by Bethel to be absorbed 
by yellow pine is about ii lb. per cubic foot, and by 
Riga pine about 9 lb. per cubic foot. 

In India the amount of absorption by hard woods, 
such as tenninalia, tomentosa, and mesua ferrea, is 
stated to be 3 lb. per cubic foot ; moderately hard woods, 
such as dipterocarpus tuberculatus, etc., 6 lb. per cubic 
foot ; and soft woods, such as pinus excelsa, pinus longi- 
folia, etc., 10 lb. per cubic foot. 

In France the woods most commonly used for sleepers 
are oak, beech, or pine ; but fir, larch and chestnut are 
occasionally employed. The French practice is to 
impregnate oak sleepers of about 3 cubic feet with from 
8 8 to I2’3 pints of creosote ; beech or pine sleepers, 
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with about 44 pints of creosote each, the question of 
expense, however, frequently rendering it desirable to 
do with a less amount. According to the writer of an 
article which appeared in 1895 in the Revue Generale des 
Chemins de Per, the weights of creosote injected per 
sleeper by the principal French lines for different kinds 
of wood are as follows : 


Desciii'tion 
of Wood. 

K.dlway. 

Lb. 

Oak . . . 

i All 

11 to 15 ’ s (ab.S(jrp. limit) 

Beech 

Xoithern . . . . 

, >8-3 

• • 

W’estern . . . . 

, 83 B> 35' 


Baris-Byons-Medi- 

i 35'^3 


terranean 

I'histern . . . , 

53 

Bine. 

Midi 

' 26‘3 (absorption limit) 

. . . 

Orleans . . . . 

31 

. . . 

Baris-l.voiis-Medi- 

^b-3 


terranean 

; 


Present practice tends to the injection of an increased 
amount of oil per sleeper. A report, presented at the 
International Railway ('ongress in 1895 by Mr. Harzen- 
stein, states that the practice on the various lines in tins 
country was to inject from 7 to 10 lb. of oil per cubic 
fo(jt, with an average life of sixteen to twenty years, an 
injection of from 7 to 8 lb. per cubic foot giving an 
average life of from twelve to lifteen yt'ars. The amount 
inserted, according to later practice, is from 30 lb. to 
35 lb. per sleeper. In France 48-4 lb. of oil per sleeper 
is used as a minimum. 

On Indian railways the amounts of oil injected into 
sleepers of various woods are as follows : beech and pine, 
10 lb. of creosote oil per cubic foot ; harder woods, such 
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as oak, 3 lb. per cubic foot ; piles of coniferous woods, 
20 lb. per cubic foot. When chloride of mercury or 
corrosive sublimate is used as an antiseptic, the amounts 
used per cubic foot are : for hard wood, 3 lb. ; moderately 
hard, 6 lb. ; and soft, 10 lb. 

Mr. J. R. Baterden states [Proceed in^^s Inst. C.E., 1904) 
that he has experienced no difficulty in getting into pitch 
pine 7 lb. of creosote oil per cubic foot. 

Absorption Limit op IIard Woods. (From various Authorities.) 


lilue Cnim (Kiicalyptus Cllobulus) 

Australia . 

Per cubic foot. 

. i lb. 

Ironwood (Bumclia lycioidcs) . 

Las tern L.S. . 

. I lb. 

Jaman 

India 

. i lb. 

Locust (l\()l)iuia })seudacacia) 

Lnited States . 

. 1 11 ), 

Mahogany (Swietenia maliogoni) 

Central America 



Cuba 

, 1 lb. 

Oak (Qucrcu.s robur, cdc.) . 

Lurope, etc. . 

. ., -5 lb. 

Teak (Oldlieldia Alricana) . 

W'esl Alrica 

. i| lb. 

,, (Tectona gramli.s) . 

India 

. 1.1 lb. 

Sal or Saul (Shorea robusla) . 

... 

. 1 lb. 

Sisso (Dalbergia Sisso) . 

,, ... 

. 3 l h>. 

Suiulri 

,, ... 

. 2.1 lb. 

Swan Ki\er Wood .... 

Australia . 

. i| lb. 


In the United States the usual amounts of creosote oil 
specified to be injected are as follows : For railway ties 
or sleepers, from 10 to 12 lb. pc'r cubic foot ; hir dimension 
timbers, from 15 to 20 lb. i)er cubic foot ; for piles, 
from 20 lb. to 30 lb. or more per cubic foot. Other 
experts ad\’ise tlie injection into the wood, in the full-cell 
creosote process, of from 6 lb. to 12 lb. of creosote oil per 
cubic foot, in the case of railway ties or slee])ers, and from 
10 lb. to 20 lb. per cubic foot in the case of timber and 
piling. 

The practice in the U.S. is to inject from 6 to 14 lb. 
of creosote oil per cubic foot for hard woods, and from 
13 to 22 lb. per cubic foot for soft woods. At the Gales- 
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burg plant of the C.B. tS: O.R.K., according to the super- 
visor Mr. Meyer, red oak and beech ties given one hour 
preliminary steaming at 5 lb. pressure and treated to 
refusal ga\’e an average absorption of 12 ‘21 lb. of 
creosote oil per cubic foot. Soft maple, sweet gum, 
white gum, pine, and tupelo gum, also given an hour’s 
preliminary steaming at 5 lb. pressure per S(|uare 
inch, gave an average absorption of 18-49 lb. per cubic 
foot. 

In the Rueping and Lowry processes the wood is first 
impregnated with from 10 lb. to 12 lb. of creosote oil 
per cubic foot, tlu‘ amount left in the wood fibres on 
leaving the retort being from 2 lb. to 6 lb. per cubic 
foot. 

Mr. J. H. Card, writing to the Eui^incerin^ News (Xew 
York) in October, 1908, remarks that the trt'atment 
of sleepers ^with small doses of creosote oil has not 
been a success either in the UniUal States or in 
Iiurope. 

In Germany the usual amount of creosote oil used 
for the impregnation of sleepers is 12 lb. per cubic foot. 

Messrs. Richard Wade, Sons 8: Co., Ltd., who use 
the Rueping process on an (wtimsivi* scale for treat- 
ing telegraph poles, give the following absorption in a 
test I made to ascertain the amount, of creosote oil ab- 
sorbed and subsecjuent loss through leaching : 

of ('n‘os<ae oil l.oss l>y leacliirig 

I'l-r nibir ft. after 8 ti.oiiths, 

10-85 11). ..... 7*2^ 11). 

15-oH M 

13-98 7-41 „ 

18-89 ,, ..... 9-3() ,, 

' Sec page 200 for full particulars of test. 
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AMOUNT OF CRKOSOTE LKITllN ITMUER AFTER lo 
TO 25 YEARS’ USE 

Collins & II mx, Join luU 0/ the Society oj Ohemical liidiishy. 

'■ Ircatcd with Cronsdtt- Dil, 


Spueius of rinil)(‘r. 


Scots 

Scots 

Scots 

Ash 

Beech. pine 

pine 

pine 



top. 

iniddlt 

point. 

Preservati\’c per joo j^arts 

1 Vi- 
ren ( 

I’.r Vor 

cent. cent. 

1 ’er 
cent. 

Per 

cent. 

of wood . . 

10*7. 

• 3*77 10*85 

30-3 

i 7 -(. 


I r.iclioiis [R'r loo parts 

if presf 

rvative. 

Temperature dej.;. C. : - 





100-170 . . 

0 

0 0 

0 

0 



0 

0 0 

3 **! 

1 'O 

-‘>3 -: 13 •• 


• 1*1 . 13*<8 

20*0 

22‘2 

‘-’ 13--271 

12-1 

11*1 I po 

• 3*1 

24-2 

I'itch 

7'*-3 

71*3 -I’- 

27*0 

24*4 

33*3 : 

30*0 

2 2*f) 

AVERAGl*: A ItSOk i > IMOX 

OF 

gki*:i*:n and 

DkY 

JTES 


STIvAMlCl) AT _■(, J,H, PRl^SSUR]'; 5 .', HOI KS An 7 ) 

suBjicrri':i) to i hour vacuum ' 


IJ. B. ( AIK), Proc.Ani. Wouit PreaerverP A-sCiociiilioiy 


Kind ()l Wood. 


Oak 
Kcd Oak 
Jilack 0<ik 
Water Oak 
Beech . 
Sweet Ouui 
Maple . 
Black (him 
Cypress 
Red Elm 
Hickory 


WimkIiI per 
per cnl). ft. 


50-1 

a.) '3 

310 

351 

48-4 

4-^-3 

417 

422 

45-4 

627 


Sohition 
absorbed in lb, 
per ciiIj. ft. 


i()-4 

K'O 

T I •() 

5 -' 

^•4 

24-0 

147 

^50 

20*0 

2-9 


(bliii ; 
JUT Cent. 


lo* I 
i 8 *() 

‘«-3 

21.4 

9-33 

50 

57-5 
35-5 ‘ 
hi -3 

44*0 

47 
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ABSORPTION OF CHLORIDE OF ZINC 
(W. F. Goltra, Proc. Am. Wood Preservers' Association, 1915.) 


Species 

Solution 
‘ Range. 

I’oiinds 

Average. 

Dry Salt 
Range. 

iVjunds 

.Average. 

Oak . 

. 1 10 to 50 

30 

•30 to I * 50 

■90 

Beech . 

. ; 20 to (>5 

G 

■Oo to I *95 


Pine . 

. : 30 to <)0 

()0 

•90 to 275 

1-823 

Note.— 

Solution 3 per cent, strong, 

i.{'., 3 lb. of ( 

iry salt di> 


solved in 97 lb. of water. 

The practice on the continent is to specify the degree 
of strength of the solution according to Beaume’s hydro- 
meter. The Imperial railways of Alsace-Lorraine, Ger- 
many, and the Bavarian railways specify that the solution 
must have a strength of 3-5° Beaume — 1-0244 ^ptx'. gr. at a 
temp, of 15T. (sq'^F.). The Prussian railways specify a 
strength of j-o"" Beaume at a temp, of 14” Reaumur (63‘'F.). 

EQUIVALENT STJtENGTH OF CHLORIDE OF ZINC 
" SOLUTION FOR DIFFERENT DEGRIU-S BEAUME 
AT VARIOUS TEMPERATURES 


(VV. F. Goltra, Proc. Am. Wood Preservers' Associafio)i, 1915.) 


Divisions on Beaume 

I'cmpcraturo 

loinivalent 

Hydrometer. 

Degrees Imhr. 

Strength per cent. 

2 


^•75 

2 ’ 5 

90 

2-50 

3 

(>0 

2-32 

.1 

70 

- 5 d 

3 

So 

-*■75 


00 

2-92 

3 

1 10 

3 33 

3-5 

( )0 

I 2-83 

3-5 

70 

3-00 

3 -.5 

80 

oc 

3-3 

90 

3-37 

• 3-5 

no 

3 '83 


Strength of solution should be sutftcient to prevent decay and 
preferably somewhat more to allow for leaching. Too strong a 
solution may injure the fibre of the wood. 
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In the U.S. the amount of chloride of zinc solution 
found to be absorbed per cubic foot of the wood when 
treated to refusal after one hour s preliminary steaming 
at 5 lb. pressure is given as from 14 to 21 lb. per cubic 
foot for hard woods, and for soft woods from 19 to 27 lb. 
per cubic foot. At the Galesburg plant, according to 
Mr. Meyer, red oak and beech ties steamed for two hours 
at 10 lb. pressure and treated to refusal with a 4 per cent, 
solution of zinc-('hloride absorbed an average of 1675 lb. 
per cubic foot. White elm, birch, soft maple, pine, 
and cy])ress steamed for one hour at 5 lb. pressure and 
treated to refusal with a 2-25 per cent, solution of zinc- 
chloride absorbed an a\’erage of 24-31 lb. per cubic 
foot. 

lamest Bateman, in an article entitled ‘G\ Method for 
Determining the Amount of Zinc Chloride in Treated 
Wood’' [Ind. i'r Enf^. GZ/rw., January, 1914), describes 
methods that have been tried for separating inorganic 
solubles from organic matter, and esj)ecially refers to 
the Fahlenburg and another accurate method for deter- 
mining zinc. 

Of aczol solution the makers recommend for ordinary 
use an injection of about 2 oz. of concentrated aczol 
])er (uibic foot. For wood especially exposed to be 
attacked' by rot, such as pit props, etc., from g.t oz. to 
7] oz. of concentrated aczol per cubic foot is said to be 
desirable. 


lai'li OF Ihn-SEKVFD W’OODS. 

Mr. V. Herzenstein, in the Bulletin of the International 
Railway Congress (July, 1910), from information collected 
from a number of railway companies, gives the average 
life of creosoted sleepers to be as follows : 
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Description of Sleeper. 

■ .Main Lino, j 
Years. j 

Sidings. 

Years. 

Total 

Years. 

Creosoted Dine . 

1 

5 

20 

Oak . . . . 

: 18 

7 

25 

,, i^ccch . . . . 

i 

! 

10 



Mr. Ilausscr.of tlic Midi Railway Company, France, in 
his report to tlu' Seventh Session of the Railway Congress, 
^avs ; “ Although it is v(‘ry difficult to lay down a rule 
that would beat all generally applicable, it may, however, 
hv said that there is a unanimous opinion that pickling 
or preserving materially lengthens the life of sleepers, 
approximately doubling it in the case of oak, tripling it in 
the case of pine, and (juintuplyingit in the case of beech.” 

A record of tlu' removals of ties or sli'epers on the 
New M('xi('o and Colorado divisions of th(‘ Aitchison, 
Topeka and Santa Fe Railway, carefully kept from 1897 to 
1907, shows the average lih* of these sk'cpers, which were 
treated on the zinc-tannin or Wellhouse process, to be I3-Ii 
years. TIk' nurnbi'r of ties or sleepers treated in 1885 was 
1 11,50 >. At the end of 1907 the records showed that 77,000 
had been removed twenty-one years after laying down, 
thus leaving 34,503 as having been removed during the 
yixirs when no record was kept. It is to be obser\’ed that 
no care was takim in S(‘l('cting tlie above 111,503 sleepers, 
;ind that many thousands of them are said to have j)ro- 
gressed so far towards decay that but little prolongation of 
life could be secured from the preservative treatment. 
Had all the sleepers been carefully selected the average 
life would undoubtedly have been found to be considerably 
longer. The records of the Southern Pacific Railway 
show a mean life of from eight to nine years for bur- 
nettized tics or sleepers. 
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The Engineering News (New York) states that results 
obtained in the United States show that, by the zinc- 
chloride or* buriKdtizing treatment, the life of the 
soft woods is more tlian doiibh'd, meaning a life of 
from eight to twelve years for pine that usually lasts 
from two to live years. 'I'his is the mean life, the 
actual life being from live to over twenty years 
for treat('d pine ties or slcc])ers, against from two 
to seven for the untreated ones, ( reosoting gives from 
*^5 P^'i' cent, nion; life than tlie zinc-chloride process, 

but the ('ost of the formia* is three or four times that of 
the latter, and, moreover, in tlie case of several woods 
creosote oil can only be caused to effect a superlicial 
penetration. The injection of from 10 to 15 lb. of creosote 
oil jx'r cubic foot of wood, according to Mr. Card, gives 
a life of from twelve to twenty years. 


ijFi: 01' UnTKKATHI) ASI) TrIi.VIKD Sl.Kia’RRS FROM 
DATA C.IVFN AT THl-: LfwIS AND ClARKE EXHIBITION, 

Portland, Ore., 1905. 


Spocifs of Sleeper. 

Texas I.ong-lcat i’ine 
'I'exas Sliort-lcaf I’inc 
Texas l.oblolly I’inc 
Wasliiiigton Ked Fir. 
Mont. I,n(lge)X)le Fine 
niaek Hills VV'est-AT'lIow 
Michigan Ileinlock . 
Michigan Tamarack . 

Fccch 

Red Oak .... 


i Process. 

! J.ite. 

L’nlrealed. 

j 

Years. 

! Kueping 

' .| to t) 

,, 

.1 R > .5 


2 to 3 

ZiKT. 

3 tot) 

,, 

1 R' 3 


3 tr) t) 

Wellliouse 

: 3 

». 

1 3 

Creosote 

1 \ 3 

i 

•1 to 5 


Life. 

Treated. 

Years. 
15 to 20 
10 to 15 
10 to 13 
10 to 12 
10 to 1 2 
10 to 12 
10 

10 to 13 
20 to 30 
20 to 30 


Mr. Batterden (Proceedings Inst. C.E., 1904) states that 
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about 7 lb. of creosote oil per cubic foot injected into 
piles at a temperature of 49° C. {izW b'.), and at a pres- 
sure of 150 lb. per square inch, gave protection against 
marine worm for eighteen years. 

Dr. Herman von Schrenk (American Forestry Congress, 
1905) gives the life of red oak or loblolly pine tics or 
sleepers with zinc chloride treatment as 10 years, with 
zinc creosote treatment as 16 years, and witli creosote 
treatment as 20 years. According to Mr. J. 11 . Waterman 
(American Wood Preservers’ Association, 1915), on a 
section of the Santa Fe line in Western Kansas, tics treated 
with the zinc chloride process have an average life of 
from II to 12 years, and better results were obtained 
on an experimental track in the Wyoming district of 
the Burlington railway. On the C. k E. 1 . Railroad, 
between Cypress and Joppa, red oak ties treated by the 
Wellliouse process are found to have a life of 14 years. 
The Southern Pacilie ICailway are said to obtain a 10- 
year life with ties treated with | lb. of zinc chloride per 
cubic foot. .Mr. 11 . Emerson (American W^ood Preservers’ 
Association, 1915), estimates the average, life of tics treated 
with zinc chloride at 8\]<S years. 

According to a report of tlu' committee on wood block 
paving, presented at the meeting of the American Wood 
Preservers’ Association held in Chicago, January, 

1915, where the best methods of treatment, combined 
with propt'r .selection of materials and methods of laying, 
arc adopted, a life of^t least 15 years seems assured for 
creosoted wood-paving-blo('ks. FVom the results of 
experiments made, the United States l^orcst Service 
clas.sify woods used for paving-blocks in the following 
order of efficiency : (i) Long- leaf pine. (2) White birch. 
(3) Eastern hemlock, tamarack. (4) Norway pine. (5) 
Western larch, 
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Wooden staves for silos subjected to the pressure treat- 
ment with coal-tar creosote are said to resist decay for 
at least 25 to 30 years. The use of a high-grade oil is 
especially desirable. For the treatment of wooden silos 
by the pressure proci^ss, an oil having a spec. gr. of 1 003 
to I '08 is said to be effective, but for the brush, open 
tank, and dipping treatments, an oil of a higher spec, 
gr. is preferable, say of about i'o8 at 6o'’('. (t4o”F.). 
It is estimated by Mr. G. M. Hunt, chemist. Forest Pro- 
ducts, Madison, Wis., that about 1,000,000 ft. board 
measure of green lumber was used in the U.vS. for the 
construction of wooden staves for silos in T()I3. 

Avekace Life of Tj-feokaph Poles. 

From records by the C'.erinan Lost and Railway Administration. 


Dr. i-redcnck .Moll. 

Untreated poles (ino.stly oak) . . . *77 years 

Pine pole.s, zinc chloride treated (Fhirnett) . . i2-i 

Pine, co])per sulphate treated (l^oucherie) . . 13-5 ,, 

Pine and .spruce, bichloride of mercury treated 

(Kyan’s process) ...... i..p3 ,, 

Creosote oil, full-cell process (15 lb. and more per 
cubic foot of timber) ..... 22 -5 


These figures do not, however, gi\‘e a basis of comparison 
for the various processes. At the date of writing (1914) 
nearly all the burnettized poles are removed, while of the 
" Bouchcric " poles about 60 per cent., of the kyanized 
50 per cent., and of the creosoted poles 30 per cent, are 
still sound. 

The telegraph administration of the “ Reichspostamt ” 
has both watched short-trial lines, and has recorded all 
poles set since the year 1850. There arc at the present 
time about 7,000,000 poles. Of these nearly 3,000,000 
have been removed up to the year 1912. 

Investigations by Dr. Moll and of High-Councillor 

s 
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Novotny (Vienna), base,! on the (i. rinan and Ausni.in 
statistics, give the following lignrts ; 

I’ntri'att'tl intlts. 

, ‘ ” ’ ■ • ( I \ ' 1 1 1 < 

Treated with /im ehlnritli* . . . , , , 

.. .. HtpjXT sulphate (t.erm.mv) . i, - 

.. .. .. (Ausfjia) . . fd ( 

,, hieiihtritle lueieiiry . , , it) 

.. (leoMtte (15 II). peritihit font) . jyo 

Mr. Do Kennoiul (['EUctriden, Paris) sfalts ihiit 
otticial tests Iiave shown that posts treated with r 
sulpliate have a life of 13 yt‘ars 9 months ; by the Kvan 
or merenric-chloride proi'ess, iK'ariy 17 years ; aiicf by 
the creosoting process, 19 years 8 months. 

A cDinnumieation from tlu' ronstnu'tion dt'])artmeii( 
of the P)avarian Stati' Railways (Xo\ emb('r, 1909), makes 
the following statc'inenl : “ The Pavarian Stall' Railways 
have been using for a number of yivirs <'()rrosi\ e sublimate 
(Kyan or inercurie-ehloride proi'ess) for the preserwation 
of about oiK'-tenth of the ties used, and the results have 
been good. The averagi'life of the ties in ipiestion (pine 
lies) is, according to the obseiaalions made on trial 
mileages, sixteen years. 

The life of wood treated with 4.J oz. of eonei'ntrated 
aczol per cubic foot, according to experience gained during 
the last five years in continental colleries, is said to be 
at least 10 years. A stronger impregnation will, it is 
stated, give a life of from 25 to 30 years. Aczolled 
sleepers, telegrapl/ posts, etc., arc said to have an 
average life of about 24 years. 



CHAPTER XI 


Fire-proofing and Fire-retardant Treatment of Wood. 


Losses by Fire in Various Countries —Combustion of Wood- 
Chemicals Rendering Wood Non-inflamnuiblc— Tests as to 
most Practicable Method of Fire- proofing — Various [Processes 
and Chemicals for Rendering Wood Non-inflammable. 

I.ossES J5Y Fire in Various Countries. 

T lllt question of rendering wood non-inflainmable 
or lire-resistant, without weakening it or increasing 
its tendency to rot, and without being prohibitive owing 
to the expense attending the process, is an important one, 
in fact a necessity, if the use of wood is to be continued 
for building construction. Tlie more populous a country 
becomes th(' greater the attention paid to careful and 
substantial building and to the institution of better lire- 
protective measures. The following table (see next page) 
compiled by Mr. Robert 1C Prince, of the Forest Products 
Laboratory, Madison, Wis., from information supplied 
by the committee on statistics of the National Board 
of Fire Underwriters, gi\'es the comparative fire loss in 
sixteen countries during the years 1911 and iqr?. 

The fire loss shown by the table demonstrates very 
forcibly the reason why wood is giving place to materials 
having non-inflammable qualities such as cement, brick, 
stone, iron, and steel. 

It is generally believed that wood is rendered more 
inflammable by creosoting. It would appear, however, 
259 
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Number of 





Names of 

Cities 

reporting 

1 

I’opul.ition. 

Per capita 

I .OSS. 

Countries. 







— 


1911. 

1912. 

1911. 

1912. 

1911. 

1912. 

United Stales . 

208 

300 

31,210,084 

32,326,633 

2-62 

2-55 

England 

1 2 

12 

9.898,317 

7,164,849 

•53 

•54 

France . 

.1 

() 

3 . 5 i 8,493 

4,425,696 

•81 

■84 

Uermany . 

8 

9 

2 . 30<’.351 

2.659.575 

•21 

•20 

Ireland . 

2 

2 

694,292 

699,802 

•58 

•57 

Scotland 

2 

2 

484,190 

485.091 

•56 

•49 

Italy . . . 

6 

3 

1 . 373.995 

, 282.082 

•31 

•90 

Russia . 

2 

2 

3.483.291 

3.485.583 

1-17 

■84 

Austria . 

I 

-1 

2,031,498 1 

I 2,^)58,078 

•08 

•36 

Canada . 

1 

5 

125,0001 

957.372 

2 -()I 

2-88 

Rclgium 


I 

1 

166,445 

— 

■69 

Norway 

— 

I 

— 

1 250,000 


•6(> 

Sweden 

i 

1 

! 

351.50^^ 


■13 

Switzerland 


! 

__ 

! 140,000 


•04 

The Netherlands 

i 

2 

1 

417.693 

— 

■12 

Argentina . . 

Ll j 

I 

-- 

1 ,428,042 

; 

3-58 


from a paper by Mr. II. M. Rollins W Inflammability of 
Treated Timber ”) and also from the opinions expressed 
during the discussion on this paper (American Wood 
Preservers’ Association, 1910) that it has been found that 
creosoted railway sleepers and telegraph poles arc really 
less combustible than untreated ones. A part at least 
of this apj)arcnt fire resistance can, according to Mr. 
Hoxie (“ Treated Timber for Factory Construction,” 
American Wood Preservers’ Association, 1915) be accounted 
for by the fact that the sound wood of the preserved 
material is considerably less combustible than the punky 
wood of that which has been attacked by fungus. The 
rapid escape of the heated gases from the immediate 
neighbourhood of the burning material is also a factor 
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with fires in the open air. Conditions in mill buildings 
are, however, quite different. The closed rooms can 
retain the iieat generated by the burning oil, rapidly 
raising the temperature to the ignition point of the wood, 
extending the lire and increasing the water and smoke 
damage to the contents. 

The combustion of wood is divided by Mr, R, E. 
Prince ^ into two parts : " First, the driving off of the 
volatile gases by heal, and their ignition causing flame. 
Second, the combustion of the non-volatile portions, 
analogous to ('harcoal, causing glow or incandescence, 
and the production of carbon monoxide, which is a com- 
bustible gas. It will r(‘adily be seen that the first part 
of the combustion is the most dangerous. The chief 
problem, therefore, is to render the volatile gases non- 
inflammable. 

It has bc('n found that the chemicals most efficient 
in rendering wood non-inflammable are those that sublime 
or decompose upon being subjected to intense heat. 
Non-combustible gases are given off in both cases, which, 
when mixed v'itli the inllammable gasi^s arising from 
heated wood, render them non-intlammable. 

Experiments were made with the following two classes 
of chemicals : 

(i) Chemicals that “ sublime ” when subjected to 
intense heat whose vapours are not inflammable — {a) 
ammonium sulphate, (b) ammonium chloride. (2) 
Chemicals that decompose when subjected to intense 
heat, giving off non-inflammable gases — {a) ammonium 
phosphate, (i) sodium bicarbonate, non-inflammable 
gas carbon dioxide, (c) oxalic acid, non-inflammable 
gas carbon dioxide. 

^ “ Preliminary Work in Fire-proofing Wood,” by Robert E- 
Prince, Proceedings American Wood Preservers' Association, 1914- 
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A method used, says Mr. rrince, in previous fire- 
proofing work has been to inject chemicals containing large 
amounts of water of crystallization, the theory being that 
the water is converted into steam which creates a non- 
intlammable atmosphere without the wood. Under this 
method borax and alum were used. Borax also has the 
advantage of being a fusible salt, thereby protecting the 
wood fibre witli a glossy ('oating. 

The tests wen* mndi' to ascertain the most practicable 
method of fire-])roofing wood fnan the stand|)oint of 
elliciency of the treatment, for which purpose it is neces- 
sary to determine : (i) The elfi('iency of the treatment in 
rc'tarding combustion. (2) Tlu' minimum amount of a 
preser\’ati\-e necessary to accomplish the desired results. 
(3) The corrosive action of thi‘ salt used upon the plant 
e(|ui|)ment. (4) Tlie effect of the treatment upon the 
strength of the wood. (5) The effect of the treatment 
upon tlu' |)ainting and finishing (jualities of the wood. 
(6) Th(‘ corrosive effect of the tRutment u])on nu^tal 
coming in contact with the wood, such as nails, screws, 
hinges, etc. 

Tlu' following abstracts from Mr. Prince s paper will 
be of interest : “ Th<‘ nu'tliod of impregnating the test 
pieces with fire-proofing matiufial is as follows: 

A preliminary treatment is made, using a nearly coil- 
centratdl solution, to obtain the maximum lire-retarding 
properties of the salt. Twenty-two pieces of noble tir^ 
uobilis), each i| by i.[ by 4 inches, arc weighed 
separately and then placed in a container together, with 
the treating solution which has previously been heated 
to ()(fC. (i5o-8°F.). The container is then placed in, a 
small treating cylinder and a pressure of 100 lb. per 

1 This wood was chosen on account of its uniformity of grain 
and texture. 
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square incli applied by iiK'ans of compressed air. This 
pressure is maintained for one-half hour. The pieces are 
tlum removed and weighed and the amount of salt 
absorbc'd det('rmined. In the case of paints, the pieces 
are givx'ii two coats, allowing plenty of time for both 
coats to dry before testing. 

After treatment the pieces are allowed to season for 
approximately three weeks.. They ar(‘ then placed in an 
electrically heated 
o\-en at a tem- 
perature. of 5o'(.'. 

(i 22"F.) and 
dried f)iit to ap- 
proximately 4 per 
cent, moisture, 
when they an* 
removed and 
allowt'd to stand 
until they lia\'e 
rea('hed a constant 
moisture content 
(about () {)er ct'iit. 
in tlu' laboi atol y)- JOc. u 5.— Iulhmimahility U'.sting aj)paratus. 

This method is 

followed in order to obtain uniform moisture conditions 
in the wood. 

The inflammability apparatus ^ dewloped at the 
laboratory (in co-op('ration with the University of Wis- 
consin) is shown in lig. 113. This apparatus consists 

^ Numerous methods of testing the innammability of wood 
were tried, those published by other investigators being fust 
used. These methods, however, did not give sufficiently accurate 
comparison of the temperatures at which combustion takes place. 
And the above method was finally developed. 
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essentially of a quartz cylinder 3 in. in diameter and 10 in. 
long, which is wound with a nichrome ribbon having a 
high electrical resistance. This cylinder is heavily 
insulated with asbestos and supported in an upright 
position by an iron frame. A lower chamber about 3 5 in. 
in diameter and 8 in. deep is attached and opens directly 
into the quartz cylinder, the two forming, in fact, one 
continuous chamber. A natural draught is usi'd in mak- 
ing the test. The tem])erature of the air in the (juartz 
cylinder is determined with an accurately culibi'ated 
pyrometer of the thermocoupli' tyj)e, ('alibrations being 
made at fre(iueiit intiM vals during the test. A small pilot 
light is allowed to burn about onc‘ inch above the S})eci- 
men. This is done in order to ignite tlu^ intlammable 
gas(^s as soon as they arise from the lu'ated wood in 
sufficii'ut volume. Jt also duj)li{'ates the conditions 
usually e.xisting in a fire. ‘ 

The method of ti'sting treated wood for iin'-retarding 
qualities is as follows : Tlu* test j^iieces that ha\’e 
pre\’iously been dried to ajiproxiinately 6 ])er cent, 
moisture content are }.)laced in an air-tight jar, wlu're 
they are maintaiiK'd in a uniform condition until tested. 
The inhammability apparatus is allowed to heat up until 
the })yrometer indi('ator regist(MS a|)proximately 200''^'. 
(gbo^h.). Jhis temperature is k(‘pt constant and a 
test piece is weighed and then lowered into the hot 
cylinder, where it is allowed to remain until it ignites, or 
for forty minut(‘s if ignition does not occur. If the 
piece ignites the length of time before ignition is recorded 
by means of a stop-watch. It is then lowered into the 
cooler chamber and allowed to burn not longer than three 
minutes. 

Notes are taken on the intensity of burning in the 
following manner : 
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Minutes. Seconds. 

Burns violently 

,, freely ..... 

,, poorly ..... 

No combustion 

The test is then repeated at otlier temperatures, each 
succeeding temperature being approximately 50" higlier ^ 
than th(‘ last. The temperatuns used generally ranged 
between 150^(1. (jo2 'h'.) and 450'T. (842°!^'.). Enough 
tests, usually two, are made at each temperalurt; to obtain 
check results. The results obtained are plotted in a 
curv(' with tlu' intervals of time before ignition as ordin- 
ates, and ignition temperatures as abscissx*. 

In ('ase the preliminary test on conci'iitrated solution 
of the preservative gives promising results in retarding 
('ombustion, other treatments are made with lower 
strengths of solution until the least concentration prac- 
ticable has been determined. 

Th(' same method was used in determining the relative 
tire-resisting valiums of various species of natural wood. 
Such information is needed both in comparing tlie warious 
kinds of wood and in judging the effi'ct of treatment. 
The woods used in this work were representative samples 
of the material found in structural timbers. Four 
species were native's of western and five of eastern United 
States. A comparison of the results obtained on both 
the western and eastern species are plotted in the form 
of curves and shown by figs. 1 14 and 115, and a com- 
parison of the results wuth untreated and treated woods 
in figs. 1 16 and 117. 

The following explanatory notes refer to these diagrams, 
the figures indicating the degrees of temperature at 
which specimens wa'rc held for 40 minutes without ignition. 

1 In a few cases the second temperature was made lower as 
ignition occurred in a short time. 
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Fig. 1 14 : A, noble fir, air dry, 195 ; B, do., oven dry 187 • C 
western larch, air dry, 180 ; D, do., oven dry 157 • ’e' 
Sitka spruce, air dry, 186 ; F, do., oven dry, 157 • " G red- 
wood, air dry, 180 ; II, do., oven dry, 157, Fig. • a, 
tamarack, airdry, 180; B, do., oven dry, 168 ; C, basswood' 
air dry, i68 ; I), do., oven dry, 168 ; E, long-leaf pine, air 
dry 180 ; F, do,, oven dry, 157 ; G, red oak, air dry, 157 • 
H, do., oven dry, 157 ; ), hemlock, air dry, 157 • K do ’ 

oven dry, t8o. Fig. i ; A, noble fir, natnial air dry,'i<,5 ’ 
B, do., oven dry ,,,7; C, „oble fir, treated oxalic a, 'id -u-' 
J),do.,soduimcarhonate, 16,5; E, do„ sodium bi-carbonate’, 
14,) ; I', ammonium chloride, 2()0 ; G, borax, 212, The 
dashed lines show when piecesbecame incandescent'but did 
not Ignite, h'ig. n 7 ; A, red oak, air dry, 157 ; B, do., oven 
dr>, 1.57; C, red oak, commercially treated with ammo- 
nium phosphate and sulphate, 2f.o. The dashed line shows 
when pieces became incandescent but did not ignite 
Of the western woods tested, western larch {Lam 
ocaiknlahs) and noble- fir {Abies nohilis), fig, 114 
withstood th(' action of the various degrees of heat used 

in the test without igniting longer than red wood (Srmwm 

sempemrens) or sitka siiruce {rkca sikhensis). The 
moisture contents of the air-dry ])ieces at the time 
they were tested were as follows : 


Kind of Wood. 


Western Larch 
Noble Fir . 
Hedwood 
Sitka Spruce 


Average per cent. Moisture 
in Piece at time of 
Testing. 


i(j-5 

180 

194 

19-1 


The oven-dry jiieccs, of course, contained no moisture.' 
The relative positions of the air-dry and oven-dry in- 
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flammability curves show the fire-retarding effect of 
moisture in the wood upon the ignition temperature. 

The results obtained on the eastern woods (fig, 115) 
show that tamarack {Lanx laricina) withstood the 
action of the heat longer than red oak (Qucrcus rubra), 
eastern hemlock (Tsuga canadensis), basswood (Tilia 
Americana), and long-leaf pine [Finns palustris). 

The moisture contents of air-dry pieces at time of test 
were as follows : 


Kind of Wood. 


Average per cent Moisture 
in Piece at time of 
Testing. 


Tamarack . 

Red Oak 
Ra.stcrn Hemlock 
Basswood 
Long-leaf I’ine . 


15-0 

11-2 

iS-.s 

<)-8 

* 


♦ The moisture contents of the long-leaf pine pieces tested 
could not be determined due to the volatilization of the resinous 
material changing the lo.ss in weight. Oven-drying long-leaf pine 
appears to lower the ignition temperature {sec fig. 115). 

The average per cent, loss in weight of each species 
due to burning was calculated from all the pieces in the 
test. The results are given in the following table : 


Per cent. Loss to Weight. 



Oven dry. 

Air- dry. 

Western Woods : 



Sitka Spruce 

2 y() 

34 -^ 

Larch 

38 -8 

35 » 

Rcdwootl 


37 -« 

Noble Fir 

38-8 

210 

Eastern Woods : 



Long-leaf Pine 

1O7 

1 60 

•Tamarack 

22-4 

20-28 

Ba.sswood 

48 -() 

36-0 

Red Oak 

390 

29-5 

Hemlock 

300 

30-5 ' 



40 
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TEMPERATURE.— DEGRE.ES CEMT. 

fiG. 1 16. — Diagram giving comparison of results obtained with treated and untreated noble tir when 

subjected to various degrees of heat. 




o 

o 




272 


THE PRESERVATION OF WOOD 


This per cent. loss in weight data can be used as a 
measure of the tendency of the pieces to burn, once 
they are ignited : that is, if the wood tested is a good 
conductorof heat, the piece will be heated up throughout 
the entire block, and will be in a better condition to burn 
than a piece that is a poor conductor and has not allowed 
the heat to penetrate so far into the wood. The results 
show that with the exception of long-leaf pine/ tamarack 
and red wood were the two poorest conductors of heat 
as they lost the least weight in burning. A summary 
of the results obtained shows that of the (‘ight species 
tested tamarack is the most hre-resistant, while redwood 
comes next, even though western larch and noble fir 
were slower to ignite than redwood. Up to the time of 
writing the pa])er lire-prooling tests luu'c been made at 
the laboratory on noble lir, using the following fire- 
retarding agents : 


Amount nf dry silt 
of Solution. injec trcl per cubic 

foot of wood. 


33 per cent, .solution .sodium carbonate. . .11 lb. 

35 ,, ,, bicarbonate . .11,, 

30 ,, ,, ,, oxalic acid .... 10 ,, 

20 ,, ,, ,, lK)rax . . . . • 5 ,, 

20 ,, ,, ,, ammonium cliloride . . ,, 


Commercially fire-proofed red oak with a mixture of 
ammonium sulphate and ammonium phosphate was 
also tested. 


^ This small loss in weight is due to the resinous material found 
in long-leaf pine having a lower ignition temperature than the 
other volatile portions of the wood. In other words, the resinous 
materials were using the wood substance as a wick, and as there 
was a large amount of this material in the long-leaf pine, com- 
bustion was supported principally by the resin during the three- 
minute period that the wood was allowed to burn. 
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The results of these tests as compared with untreated 
wood arc shown in figs. 116 and 117. 

Sodium carbonate did not prove efficient in retarding 
combustion (fig. 116). It also caused a marked weakening 
of the wood. 

Sodium bicarbonate did not prove efficient in retarding 
combustion (fig. iib), and also caused a marked weaken- 
ing of the wood. 

Oxalic acid did not prove efficient in retarding com- 
bustion (fig. 116), and also caused a marked weakening 
of the wood. 

liorax was of consideralde \'alue in retarding combustion 
(fig. 116). The dotted cur\’e (i, fig. 116, shows the com- 
parison with natural wood and the other fire-proofing 
agents used. 'I'he points determining th(‘ position of this 
cur\'e were obtained after the piece had become charred 
and incandescent. A small amount of an inflammable 
gas, probably carbon monoxide, was generated which 
burned with a small blue flame on the top of the 
test specimen, but only with the aid of the pilot 
light. 

Ainmonium chloride proved of considerable' c'aliie 
in retarding combustion (fig. 116). The points determining 
the position of the dotted curve F, fig. 116, represent the 
same condition as was described under borax. However, 
ammonium chloride is soim'what hygroscopic, and its 
use may be restricted for this reason. 

A number of tests were made on pieces of red oak, 
treated by a commercial fire-proofing company with a 
solution containing ammonium phosphate and ammo- 
niiun sulphate. The strength of the solution was not 
known. Ammonium ])hosphate and ammonium sulphate 
proved of considerable value in retarding combustion 
(fig. 1 17). The points constituting the dotted curve C, 

T 
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fig. 1 17, ropresents the same condition as was found in 
ammonium chloride and borax. 

A summary of tlic results obtained show t*Iie following : 
(i) Ammonium salts arc of considerable wilue in lire- 
prooling wood. It was impossible to ignite the wood, 
under the conditions of test, that had beim treated 
with these salts. (2) Borax is of considerable wilue in 
tire-proofing wood. It has not the \'alue of aiiimonium 
salts, but promises a means of lessening tlu^ ('ost of 
treating by using it with another salt of greater valiu'. 
(3) Iwom the good results already obtained it ap{)ears 
])ossible to devise a reasonably inexpensivt' metliod of 
rendc'ring wood tire-resisting. 

Other process('S and chemicals thatluua' l)e('n (iainu'd 
to rend(‘r wood either uninflammabh' or to ha\'e powerful 
fire-retardant properties arc the following : Silic:ite of 
potash or soluble glass. Alum and borax mixed in 
ecpial parts (biborate of soda) ; tlie (‘ffect of im])regnating 
with alum is to both W('aken the wood and to greatly 
increase its tendency to divay. Chloride of sodium, 
deprived of any magnesian salts whi( 4 i it contains, has 
been tried, but unsiicc'essfully. Doiibh' salt of manganese 
and zinc. Strong solution of potash, baryta, lime, 
strontia or any of their salts first fon'cd into th(' wood, 
and, after draining, hydro-ihio-silicic acid is forced in, 
forjuing an insohilile compound which it is claimed 
is capable of rimdering the wood uninlhunmable. 
Chloride of calcium, ('hloride of zinc, is also said to possess 
firc-rcsisting qualities. Silicate of soda in solution and 
applied like paint, two or three coats, forms a hard surface 
which is very durable and affords a considerable amount 
of protection against fire. Another iire-resisting })aint 
consists of I part of arsenic, 6 lb. of alum, 10 parts of 
pntash, diluted with 320 parts of water, all by weight, 
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and mixed with oil or tarry matters to form a suitable 
consistency. 

A firc-proohng process called “ Oxylenc " introduced 
by The Timber Fire-proofing Company, fid,, London, is 
claimed by the proprietors to render timber incapable of 
being set alight and consccpicntly of spreading flame, and, 
moreover, they state that wood treated in this manner 
does not corrode nails or screws, does not spoil paint or 
polish, does not warp, does not deteriorate, and is un- 
affected by atmospheric conditions. 

The chemicals employed are non-volatile, perfectly 
stable and without di'triniental action upon the wood or 
metals brought in contact with it. The fire-proof and non- 
inflammable ('liaractor imparted to the wood is claimed 
by the inventor to lie permanent and unaffected by 
time, and the life of both hard and soft wood to be in- 
creased by tlic treatment. Icven when treated wood is 
exposed to the action of the weather or water for pro- 
longed periods its fire-resisting qualities arc not diminished 
to any appreciable extent. 

'fhe impregnating solution enqiloyed, wliich is patented 
(Arthur William Baxter, No. 52()() of ;i()03), is obtained 
by dissolving phosifliate of ammonia with boracic acid 
in water, the jihosphate of ammonia not exceeding 15 
per cent, by weight and the bora('ic acid not exceed- 
ing i‘5 per cent, by weight. The solution preferably 
employed is in tlie proportions of 1 2 parts of phosphate of 
ammonia and 1 part of boracic acid to 87 parts of 
water, 

The process is carried out as follows : The wood to be 
trgated is placed in the closed cylinder or retort shown 
on the right-hand side in fig. 118 (which view shows a 
portion [ of the interior of the works), and is therein 
subjected to a steaming and vacuum treatment, by 
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-The Timber Fireproofing Company, Ltd., “ Oxylene ” process. View showing th^ntS^ 
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which the air and moisture in tlie pores of the wood are 
removed and the sap water vaporized. The charge 
of wood is then impregnated under hydraulic pressure 
with the solution of antipyrine chemicals, which replace 
the elements driven out by the {)re]iminary treatment. 
The water of the solution is finally dried off, the chemicals 
in minute crystal form remaining permanently embedded 
in the fibres. Tig. ik) is a view of the company’s works 
showing wood stacked for drying after treatment. 

The effect of the treatment is said to be that when 
heat is applied to the wood tlie crystals in the wood 
expand and form a glassy coating which excludes the 
oxygen in the air and pre\'ents its combination with 
the wood, thus rendering flame an impossibility. The 
greater the heat to which th(‘ treati'd wood is subje('led 
the more these crystals expand, and though in time the 
chemical action of each crystal becomes exhausti'd and 
the wood b('Comes charred, fresh crystals at oiu'c take 
their pku'x', so that even though the w'ood may become 
eventually charred completely through, no flame will be 
generated. 

As showing the efficiency of this process the makers 
give the following extract from a Board of Trade official 
report on an accident wiiich took place on the District 
Railway at Sloane Square Station on the Sth January, 
1908, on a District Railway train the wxiodw’ork of which 
had been fire-proofed by the company : “ . . . IjcIow 
the floor level, the metal pipe carrying the electric-lighting 
wires and a metal junction box were fused. The under- 
side of the timber flooring, immediately above this pipe 
and junction box, were charred in places. The charring 
nowhere- exceeded a quarter of an inch in depth. No 
mark of fire could be found inside car on the flooring, 
seats, or sides," 
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Fig. 1 19. — View showing wood stacked for drying after having been subjected to the ** Oxylene ” fire-proofing treatment. 
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A solid deal door i| in. in thickness treated by the 
“ Oxylene " process was recently tested by the British 
Fire Prevention Coinniittee, with the result that a hre 
rising to a t('inp('ratnre of iGSo^F. playing upon it 
for one hour could not cause it to flame at any point, 
and only succeeded in charring it to a depth of J of an 
inch. 

The writer lias also himself carried out some experi- 
ments on a small scale with woodtn'ated by this process, 
and found it im})ossible to ignite same under the action 
of a fierce flame, the material charring without giving off 
flame. ITirtlier exiierimeiits made with a view to ascer- 
taining the value of the treatment as a preventative 
to decay ha\'(' so far proved satisfactory. Attempts 
to force the growth of dry-rot bacillus on a sample 
of treatc'd wood jiroxed .aburti\t‘, and the sample after 
having been suspendi'd in acess})ool for four months, and 
afterwards placed in an exposi'd position for about eight 
months, has exhibited no signs of decay. 

A tire-proofing process suggestixl many years ago by 
Payne consists in steeping the wood in a solution of 
barium or calcium. Professor Fuchs, of Munich, about 
the same time recommends the application of the following 
so’iition, which forms a vitreous coating : Composition 
of potassa or soda 10 parts, siliceous earth 15 parts, 
charcoal i part, fused and formed into a water glass and 
applied in solution. Another old composition consists of 
line sand i part, wood ashes 2 parts, slaked lime 3 parts. 
These ingredients having been ground in oil to be laid 
on in two coats with an ordinary painter’s brush, the 
first coat thin and the second thick. These two latter 
arti strictly speaking li re-retardant coatings, and do not 
render the wood non-inflammable. 

A report presented to the National Fire Protection 
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^ssodalion at Chicago [Enginccriiv^ News, New York, 
1901) divides the subject into two jxirts: Fire-proofed 
wood, that is to say wood chemically treated so as to 
render it practically non-intlammable throughout ; 
tire-retardant coatings for wood such as paints, etc. 

As regards the lirst of these, only three processes for 
fire-proofmg wood throughout were staled to be at that 
time in practical use in America. The oldest of these 
processes, known as the Ikichert process, has been in use 
since 1895, at which time wood, prej)ared by this process, 
was lirst supjdied for war vessels to the (iovernment of the 
United States, and since that time most of the war vessels 
and many large buildings lia\(' been fitted with wood 
tr(*ated in this manner pre|)ared by the Idei'tric Fire- 
proofmg Company. Hit' jirocess consists in first exposing 
the wood to steam under light pressure, then subjc'cting 
it to a vacuum, and linally impregnating it with certain 
chemicals under a high |)r('ssmv. 'flie second process used 
by the American Wood F'ire-proofmg Company is con- 
ducted in a practically similar manner. 

In the third process, known as the Feirel process, 
neither steaming nor vacuum is used, the wood being only 
impregnated by chemicids under very high pressure. 
In all cases the wood is subscajiiently kiln-dried, when it 
is found to weigh about 10 per cent, more than before the 
treatment. 

The transverse strength of white pine is found to be 
incnaised, and that of yt'llow' |)ine to be diminished, the 
compression strength being diminished in both cases, 
whilst the tensile strength is increased. The New York 
Building Department accepts wood treated by the 
Bachert process, the effect of which seems to be, perma- 
nent. Timbers up to 12 in. by 12 in. can be successfully 
treated, the cost increasing greatly with the size, and 
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being in any case almost prohibitive for general use. 
The treated wood is somewhat more difficult to work than 
ordinary wood, and takes a good finish. 

There are numerous fire-retardant coatings in market, 
several of which appear (0 be fairly efficacious. 

A paint or coating that is said to have been used with 
some success for this purpose consists of ;; parts of alum, 
I part of sulpliat(' of copjX'r or green vitriol and pipeclay. 
Form a strong solution of alum with hot w'ater, and a 
weak solution of green vitriol mixed with pipeclay to the 
consistency of ordinary paint. Ajiply two coats of the 
first solution to the wood and allow it to dry, then give 
one coat of the latter. 

A process desigiu'd to render timber uninflammabk^ 
and also to rapidly season timber, iinented by Gardner, 
takes from four to fourteen days, in accordance with the 
dimensions of the material. The process consists, briefly, 
in dissolving the sap by means of chemicals in an opc'ii 
tank and driving out the remaining moisture, leaving the 
fibre only. A further injection of chemicals is then made 
by means of which the durability of the wood is claimed 
to be increased, and it is rendered uninflammable. This 
process is stated to have been found to act most satis- 
factorily in the case of shn^pers, mine props, logs of 
mahogany for cabinet work, and smaller scantlings of 
fir and pine. I^xperimeiits an* said to ha\'e demon- 
strated tliat the sap of the wood was removed, the resist- 
ance of treated wood to crushing raised from 40 to 90 per 
cent., and its density greatly increased. 
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Cost of Preservative Treatment. 

Crcosoting Runic tlizing- -Ky;iiiizing- PowTliiziiig — Aczollizing 
- -Imr' jn'ool'ing— Etc. 

T he cost of pickling or treating wood varies 
considerably, according to tlu; wood being 
treated, tlie process employed, and the country, or 
even the distriid, where the work is being carried out, 
etc. 

The cost of crcosoting in tliis country on tlu' pressure 
system varies from yi. to ^d. per cubic foot, in accordance 
with the price of the oil and the amount injected. For 
estate work the amount of oil usctl for imprc'gnation is 
generally about 75 gallon per cubic foot, and tlu' labour 
of attending to the working of such a crcosoting plant 
may be calculat('d at -5^/. jkt cubic foot. Taking the 
price of creosote oil at ^d. per gallon, the cost of tn'atment 
works out at y^d. per cubic foot. Creosoting timb(‘r 
for railway purposes costs for pine and hr from 2 ()d. to 
^■id. per cubic foot. 

In India the cost of imjiregnating railway sleepers is 
given as 1.9. fur g lb., 2.s. for 0 lb., and js. for lo lb., im|)r(‘g- 
nation per cubic foot, with creosote oil at 7 annas (loh/.) 
per gallon. 

In France creosoting on the Paris-Lyons-Mediter- 
ranean Railway is given by Mr. Herzenstein (Bulletin of 
the International Railway Cony^ress, 1901) as for oak* 
1-6^^. per cubic foot, for fir 5-4^/. per cubic foot. On the 
Northern Railway, with the Blythe crcosoting process, 
282 
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1-8^^. per cubic foot for oak, and per cubic foot for 
fir. A writer in the Riwuc Genemle des Chemins de Fer 
gives the average cost of creosoting on French railways 
as being, for oak S-Gd., and fOr beecli or pine from is. 
to IS. iyyi. per slee])er, according to the amount of oil 
injected. 

In the Unit(?d States, from information comj)iled by 
Mr. J. D. Isaacs, Permanent W^iy luigineer to the Southern 
Pacific Railway, it appears that at Oakland, Cal., and 
Latham, Ore., the amount of creosote oil injected is from 
I '12 gallon to I *18 gallon per cubic foot, or on an average 
about 10 lb. per cubic f(.)ol, and the average cost (including 
price of oil, fuel, labour, maintenance, oil waste, and 
water) is 15-90 cents, or about Sd. })er cubic foot. The 
average tie or sleeper used in the United States contains 
3'5 cubic feet. TIk- cost of tn-ating ilu' best woods for 
paving-blocks with i() lb. of oil per cubic foot is lO cents 
{8d.) per cubic foot. On the authority of Mr. Rowe, for 
the full creosote process, with an injection of 15 lb. oi oil 
per cubic foot, a 3 cubic foot tie or sh-epiu' w’ould cost 
38*36 cents (ig-iSd.), and a 3-75 cubic foot tie or sk'eper 
47-95 cents (2i]-ijyd.), This works out at 12-78 cents 
(6-39f/.) ])er cubic foot, and 12-52 cents (6'2()(/.) per cubic 
foot. 

The cost of steaming in the U.S. is giwn by the 
American WTod Preservers’ Association as being 60 
cents per 1,000 feet B.M., oviuiiead charges not in- 
cluded, for boards, j)lanks, and smaller sizes; 50 cents 
to 90 cents for lumber and large timbers; d to 
3 cents each for cross ties; i cent each for cross 
ties containing approximately 3 cubic feet of wood. 
These estimates do not include overhead charges, and 
the cost of fuel is taken at 2 dollars per ton delivered at 
the works. 



284 


THE PkESEkVATION OF WOOD 


The Allis-Chalmers Company, Milwaukee, Wis.^ 
give the following as the approximate cost of treating 
sleepers, exclusive of royalties, by the seven most-used 
preservative processes, the average size of hewn ties 
or sleepers being 7 in. x 9 in. x 8 ft. = 3-45 cubic 
feet, or 3-5 cubic feet for sawn ties of same dimensions. 

Approximate Cost of Treating Sleepers, ICxcliisive of 
Royalty (Allis-Chalmcrs Co.) 

(1) Burnettizing or zinc-chloride 

process (about | lb. of dry 

zinc per cubic foot . . . $0-12 {(xl.) per sleeper 

(2) Wellhouse or zinc-tannin pro- 

cess (.^ lb. of dry zinc plus 
glue and tannin per cubic 

foot) $01 6 {Sd.) ,, 

(3) Card, Rutger or zinc-creosote 

process (i^ lb. of creosote oil 
and I lb. of dry zinc per 
cubic foot) $0-1 8 (94.) 

(4) Rueping, partial cell process 

(about (1 lb. of creo.sote oil 

per cubic foot) .... $0-225 ) >, 

(5) Lowry, partial cell process ((> 

lb. of creosote oil per Qubic 

foot) $0-225 

(6) Absorption or open-tank pro- 

cess (about 6 lb. of creosote 

oil per cubic foot) . . . $0-230 (ii-5(f.) „ 

(7) Full-cell creosote process (about 

10 lb. of creosote oil 

per cubic foot) $o-335 (ib-5f/.) 
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Cost of Treating Sleepers from Data given at the Lewis 
AND Clarke ICxhibition, J’ortland, Ore., 1905. 


Species of Tic. 

j Process. 

j .Amount of 

1 Preservative. 

Cost of Treatment. 

Texas T. on g- leaf 

i 

j Rueping 

1 lO Ib. creosote 

16 cents 

(8,/.) 

Pine 


per sleeper 



Texas Short- leaf 

Rueping i 

i<) lb. creosote 

16 cents 

(8rf.) 

Pine 

! 

1 per slcc})er 



Texas Loblolly 

' Rueping I 

lO 11). creosote 

' 1 6 cents 

{Sd.) 

Pine 

1 

per sleeper 

i 


Wasliington Red 

Zn(T. 

\ lb. creosote 

1 10 cents 


Fir 

1 

per cubic ft. 

1 


Mont. Lodgepole - 

Zn('l. ' 

.1 lb. creosote 

10 cents 

iyi-) 

Pine 

i 

per cubic foot 



Black Hills West 1 

iZnCl. : 

0 lb. creosote 

10 cents 

w 

Yellow 

1 

per cubic foot 



Michigan He in- 

Wcllhouse 

^ lb. creosote 

12 cents 

('«'•) 

lock 


per cubic foot 



Michigan Tama- 

Wcllhouse 

1 lb. creosote 

12 cents 

{( Hi .) 

rack 


per cubic foot 

j 


Beech 

Crco.soted 

3 ^) lb. creosote ; 
per sleeper j 

Oo cents 

(25. 6d.) 

Red Oak . . 

Crco.soted ' 

25 lb. creosote ■ 
per sk'cper 

; , i 

30 cents 

(is, 3rf.) 


Me.s.srs. Harrington, loncrson and T. T. Bower ^ give 
the following formula for ascertaining tlic annual main- 
tenance cost of a tie, viz. : 

A-.^+C0:+/) 

Where : 

A == Annual maintenance charge. 

C = Idrst cost of tic in track. 

^ "A Method for Finding the Annual Cliargcs for Tics." 
(American Wood Pre.servers' Association, 1915.) 
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Y == Average year’s life determined by number of 
removals. 

i =: Rate of interest on investment. 

/ = Tax rate on investment. 

A good tie, according to the; above authorities, costs 
at least $i'jo, and unle.ss treated wears out in 7 years. 
Annual cost, J!o‘2i At this rate it would cost a 
road witli 25 million ties 4 million dollars a year 
more than it did 20 years ago. Creosote, at a cost 
of So'25, put on heavy tie plates at a cost of $o’45 more, 
and the first cost rises to ?i-6o. Such a tie would have 
to last 16 years to give a yearly cost of Sr)‘2i.]. Assum- 
ing, however, a life, of 10 years, the annual cost becomes 
So'273. This is sS5,5oo,ooo a yi'ar more than it was 
about i()05. 

In i<)T2 Mr. Emerson says that the cost of ties per 
locomotive mile was So‘0;;2, and an addition of i per cent, 
taxes on cost of ties in track would bring the above figures 
to So' 078. It costs, therefor(‘, about as much to maintain 
ties per locomotive mile as to maintain the locomotives 
themselves. Ilie cost is rising, and may be now put at 
from So'()5 to So’jo a ^Tar for maintcaiance. The problem 
is therefore, he observes, one of growing importance in 
the Ihiited Stat(‘s. 

E. J. Angier’ gives the cost of treated sill ties, i.e., 
ties upon which to place ties stacked for seasoning, 
as So‘58 (So'4o cost of ties each, Jo* 18 cost of treating 
and laying). Annual cost per sill, $0*0696, made up as 
follows : Intere.st and taxes (6 per cent, phisi per cent.), 
.$0*0406; renewal cost assuming a life of 20 years, 
$0*0290. 

^ “ SillTic.s.’' [Proceedings American Wood Preservers' A ssoci- 
0 on ^ 1915-) 
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Table Showing (^)sr of Tkeatmfnt, Annual Chargks, etc. 
J)r. Ilrrmaii von Schrcnk (Aiuerjtn.ii EorvsLry Congress, 1905.) 


I tinlH'r .imi l icatnu nt. 

l,fiii;tli < 
. SiTvir*' 

){ Orifiiii.'il 
Cost. 

' Cost ot ; 
'I'rcatmciit 

Annual 

Charge. 

Wliite ();ik, untwaled 

Red Oak or Loblolly T^ine, 

' [0 ye;i ] 

rs $0-85 

- ! 

$0-121 

untreated .... 
Red Oak or Loblolly l-ino. 

.5 ,, 

•.|0 

— 

•124 

with zinc chloride trcal- 
ment 

to 

•|o 

So • 1 6 

■085 

i(ed Oak or Loblolly Line, 





with zinc creosote treat- 
ment 

10 

•0 

'~5 

•of >5 

Red Oak or Lol)lolh' Line, 





with creosote treatment 

-O 

•jO 

•■13 i 

■of)q 

The following table 

giws 

tlu' apitroximate 

cost of 


treating wood {)aving-blo(:ks, 3-5 in. and 4 in. deep, cut 
from timber 3 in. x 0 in., 3 in. x 8 in., 3 in. x 10 in., 
4 in. X 6 in., or 4 in. xioin. Seasoned blocks, weighing 
about 20 lb. per cubic foot. Cost based on creosote oil 
at' $0-07 (3 '5^/.)] per gallon, and balance of treatment 
So-02 {id.) ])er cubic foot. 



• 


Amount oi 



Cieosote oil 

Dcptli of 

Cubic feet 

injected per 

l)locl\ in 

])er snper- 

cubic toot 

inches. 

licial square 

in lbs. 


y.ud. 

.0 1 

3-5 

d 

2 -(.3 

3 

• 18 1 

3'.5 

2*()3 


4 

1 3 

20 1 

3-5 

1 


1 

4 

! 


Creiasofe oil 
inject ('(1 pt'i' 
sup. S(]. 
yard in 
' lbs. 

Weight per 
sup. S(|. 
yard .dter 
ireatmeut 
in lbs. 

.\ {'proxi- 
mate cost 
of treat- 
ment {)er 
sup. sq. 
yard. 

.p2-o8 i 

I47--’S 

10-5 d. 

48 I 

if)8 

0 

4704 

15^-43 

22 „ 

54 i 

194 

'^5 M 

5-^-f> i 

157-8 

24 „ 

00 

200 

! ^7 .. 
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The first cost of creosoted wood block pavement is 
given in the Report of tlic Committee on Wood Block 
Paving (American Wood Preservers’ Association, Annual 
Meeting, January 1915) as averaging from 2-25 

dollars to 375 dollars per sejuare yard, the price depending 
to a large extent upon the locality, species of wood used, 
method of treatment, amount laid, thickness of foundation 
and various other factors. In nxent practice the width 
of blocks has often been reduced to 3 indies. 

The cost of treating wooden silos is given by Mr. (uh). 
M. IluntJ chemist in h'orest Products, as follows : By 
the brush treatment a sif) containing 3,000 board feet, 
and absorbing about 30 gallons of ('reosote at 20 cimts 
(io(/.) per gallon, would cost sSb’oo (255.), and the labour 
at $2 ‘00 per day would jirobably amount to about $()’oo 
(23s.), making the total cost of treatment Si2'oo (30s.). 
The cost of giving the bottom of the staves an open-tank 
treatment and the remainder a brush treatment would be 
for a silo containing 3.000 board feet about as follows : 
42 gallons of creosote at 20 cents [lod.), per galloig 
$8‘4 o (356-,) ; 3 days’ labour at S2‘oo (8.s\ gf/.) per 
day, §f)-oo (23.^.) ; total, Si4‘4o (hos.). 

The cost of treating piles is said to be $010 per cubic 
foot, with 10 lb. of oil per cubic foot, each additional lb. 
of oil costing an additional cent. Piles range from 8 in. 
to 20 in. in diameter, and from 10 ft. to 90 ft. in length, 
the average sizes running about as follows ; 10 in. to 
14 in. diameter, by 28 ft. in length ; ii in. to 15 in. diame- 
ter, by 40 ft. in length ; 8 in. to 18 in. diameter, by 60 ft. 
in length ; 8 in. to 20 in. diameter, by 90 ft. in length. 
Green piles weigh about 55 lb. per cubic foot, and 
seasoned or steamed piles, about 40 lb. per cubie foot. 


^ The American Ltimherman, March 13, 1913. 
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'riio averagi! Ircatmciit of piles in the United States 
is from 10 lb. to 20 lb. of creosote oil per cubic 
foot. 

The cost of cn’osoting timber with 10 lb. of crcosoti^ 
oil per cubic foot is about $8-oo per thousand board 
feet, and for each additional pound of creosote oil used 
$()-75 must be addt'd; creosote oil being taken at $0-07 
per gallon. 

The cost of the chloride of zinc or burnettizing process 
for timber, with I lb. of dry zinc-chloride per cubic foot, 
is ab(Mit S3-00 per 1,000 board feet. Tieatment with 
“ burnettizine ” costs about the same as creosoting, viz., 
5f/. per cubic foot. 

The price of corrosive sublimate used in the kyanizing 
process has, coiiibined with the slowness of the process, 
caust'd it to fall into disuse here, and, at the present time', 
the Unite'd vStates and (iermany arc about the only 
places where it is still used to some extent in certain 
localities, ])robably owing to the're being a difficulty in 
obtaining chloride of zinc and oil of creosote. In this 
country the price of corrosive sublimate is such as to 
render its use as a preservati\'(‘ agent impossible, with 
creosote oil in the* neiglibourhood of 4(/. per gallon, and 
pure zinc-chloride at 2d. per lb. 

The cost of treating sleepc'rs on the chloride of ziiu' 
proe'ess has been found by the Southern Pacific Railway 
Company to average, with two of their portable plants, 
8-20 cents (4-1^/.) and 7-41 cents (yyd.) per tie or sleeper, 
or 2-5 cents {i-2$d.) per cubic foot. 

'Hie zinc-tannin or Wellhouse process is considerably 
moi'i' expensive, the actual cost at four of the standard 
works in the United States is given by Mr. Rowe as 
being, for a 3 cubic feet sleeper, 7-81 cents (3'9c/.) for 
chemicals, and 4-61 cents [ 2 -^d.] for labour, or a total 

u 
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of 12-42 cents (^)•2I^/.) |)er slc-c'per. According to this 
the cost ])er cubic foot is slightly over 4 cents {2d,). 

file Ruej)ing partial-cell proci'ss, with an impregnation 
of 5 of creosote' oil ]H‘r cubic loot, and taking 
the oil at ge/. per gallon, costs about 2-7^7. ])('r cubic 
foot . 

1 he cost ol the ziiK'-eaeosote' process (Rutger and 
( ard) would be about g,-25c/. |)er cubic' loot, the higher 
cost being due to the zinc-chloridc- recpiired per cul^ic foot 
in additi(3n to the creosote oil. 

The cost of preserving by the' ('ivsol-calciiim prcjcess 
is stated to be as follows : in luigland, -yjc/. ; in Sweden, 
•5c/. ; and in India, Ud. per cubic', fejot. 

The c'ost of treating wood with naplithalc'ue, the* price 
of the latter being about (kks. pc'r ton delivered, is about 
the same as for cre-osoting. Although the material is 
cheaper than creosote', large cpiantities are taken U]) by 
most wocxls. 

I he c:ost of the sac'charinc- or powellizing ])iocess is 
given as being in Bombay 5 annas (7-5^/.) })er cubic foot, 
and in Western Australia yUSd. per cubic foot, plus the 
royalty to tlic' patent c'c's. Where' sugar is \’ery c'heap 
the cost, e.\c'lusi\-e ot royaltic.'S, would, according to Mr. 
Ryan, be i jbc^. per cubic foot. 

The aczol procc'ss, when employed for the- preservation 
of wood intended to be used for ordinary purposes, costs 
about 5c/. per cubic focjt. For the preservation of timber 
used in collieries, as pit-props, etc., and of other wood 
especially exposed to the attack of rot and treated with 
4 j oz. of concentrated aczol per cubic foot, the total cost 
of the injection is given as il-d. per cubic foot. 

The following is the approximate avcra);e cost of 
impregnation with fifteen different antiseptics, including 
processing, from various sources : 
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i),»oi)!ip'i2,lo()|:o8i)0 11,500 i 37'00' 2,600, i;ii(i^ 3,2)0; ,8j'(io 5,100 ;i,i(]i)-oo (|, 350 i,8(i()'()() 13,000 


15.001 i,lioo 138c: I,P 27 ' 2 'I| 2 ,P;., 3 fi'») 3 ,Mi 37 'l''. IP 3 , 200 
- I 1,1)0' " ' 1,350, ■ I 8P: - ■ 1,150; - ; 2,800 - j 5,00(1 1 
3,610 


... 1 630 I - , 750 ' ’ IW' ' ip, - ' 2,350 - 
|io5'Oo! 5 , 10 o!i 30 'oo‘ i’>6» /I'H'oo :ip, 5 f| 0 ixi.:i), 8 ffl,»iir()o 


_ j p \ _ I 800, - 1 1,000 i - ; 2,000^ - 3,p 


5 P 


* i t'f 

10 

II 

12 

I] 

4 

(j8 ■ 

113 

21 

26 

■17 

78 

11)1 

2|30(l,®0 ■ 

3,210,1)00 

585,000 

320,000 

l,2i|0,i)(l() 

2,160,000 

2,880,000 

j 

Il’iOOO . 

Ijlp 

21,200 

3 (),()()o 

5 J,,i*i 

(JO , 000 

118,000 

: I,30(),ffll] 

2,(1, (((.10 

380,(1 

500, odo 

i 

l,()(iO,lli|(l 

1,500,000 

2 , 00 ()|()O 0 

1 110,1)00 

135,000 

25,(1 

30,000 

1 

((0,(ii]0 

JO , 000 

120,000 

i ' 2'5 

11-2 

2181 

P 5 

in 

10'(.I0 

12-8 

i (loft, 

800 ft. 

:] 2 , 5 lt. 


100 1(, 

5 ,i(ift. 1 

300 11. 

I«l * 

!'« 

Tons '■ 

1 m , » 

I Tons 1 ’ 

l!T« 

1 Tons ' ^ 

:!■ « 

:'follS ^ 

!:« 
Tons . ^ 

ht 

111 : 
Tons 1 ' 

-l 511 'oii' 36 i-P: 6 ,iP"i' 8 ),i| 00 | 185 ijo; 28,(10(1 

1225-00 31,300 iSfoo 5;, Soil 503-00 '8(|, 200 65(1-00 io(),8()0 


23'0(i 3,6011! 26-00 ' 3,800 10-00 i 1,000. 12-00 2,000 21-00 1,01)0 j 2)'00 1,200 26-00 1,100 


3,1001 21-00 


ii,o(io;ii)i-oo'i(i,8ii()!ii.|‘()o n,®; 32-/o| ^ I,!® )P ipjta'oo 8,600 fooo'oc 10,300 


6,300 1 - ; 3,601)1 - 8, .100' ■■ 1 2,150: - ■ 3.1110 - 1.11)0 i - - 6,000, “ 3 iS« 

I i 

1,500 1 - I l, 05 oj “ ' 6,000 - 


1,(125 “ : i,ooi' - “ i,)00 " 5,6^0 


3,8oo| 


.J 


15,200 -j/D-oo i,8,/0().liio-(io 32,2001,030-00 53,1)00 1,51)0-00 33,800 

2,101 - i 2,6011: - iJOOj - /,80()! - 1(1,1*) 


0,800 j -- 1 II, /Oil ; 


I, per prd rail, Steel at IjO'C 
i\i-iuii 5 aii;ii(:sipii)rwkiii|i pressure of 250 ^^ 
I'osis are lo, 6 , Oiicago and do not include ireiglit. 


, Plants are airipl for fill||'r liiiriii-lliziii^, ilTlIiuisi^ .Alisorptimi, FiiltPeii, t\iifi)iii,2, l’'W? of (lard process, 
iioists arc lot traiisferriiiii tram, If elrdrifal idfiuiiotivcs are to Ix’ imi, add or dediift in JO’ordiiime, 


('ri-(isi)ti: Dll stnraiie is eipial to 60 (lavs' siipplf 6 - iioists arc lot ttaiisfcttiiiu Itaiii, It clrdtifal iMiotivcs ate to tie iml, add or dediifi m .n’foraaiice. 

Track is lased lui 60 II), pet ptd tail, Steel at 30 '» P ® 5 “ “ Wi » ut w c, pet liwt, 511 ^^ y |,g pii|„, j,|j 1311 , 1 ,,,^ k jj |„[j, |,j j v,itil ctaiie, uticli will tost akut ive to 

:imwl (f,f mrtiiiK oreSlltC ol 280 1 * P 1 ^ 51(1 (ly|^ (ippliiijj m ept)', 
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Process. 

(1) Atlas (10 ])er cent, .sol.) 

(2) Belli! o 

(3) ('arboliiieiini 

(.:|) Chloride of zinc 
(5) Chloride of inereurv. 

{()) Cresol calcium . 

(7) ('resoy le . 

(8) Green oil. 

(o) Jodelite . 

(10) Microsol . 

(11) Rueping . 

(12) Saccharine solution . 

(13) Solignuin. 

(i.j) Sul])hate of coj)per . 
(rs) \'ulcanizing 


(acst per cubic ft. 

.v/. 

1- 75^/, 

r-5 to 3-Sf/. 
72 to •Q\d. 
8 d. ' 

•.p) to -hd. 
id. 

i () to id. 
-po to yd. 

3 to 4^/. 
i-id. 

i-p) to y-^d. 
. ^ rid. ^ 

yid. 

2- 3 to id. 


rile ('ost of lir('-])r()()ling wood by the “ Oxyh'ne ” 
procc.^s is by the Timber h'iR'-jU'ooling Co., Ltd., 

Ftilham, London, the ))roj)iiet<.>rs of tlie system, as 35. hd. 
per ('ubie foot for oak or teak, and 3.S'. ])er cubic foot for 
all other kinds of wood, 'flu' abo\'e jnices are based 
on tlu' assumption that an order of at least 300 cubic 
feet will b(‘ placed at one time. 

Tlu' cost of seasoning or drying' wood by the vapour 
process when live steam is used is given as (id. j)er i. 000 ft. 
of timbei’, the |)rice of coal being taken at 13.S. hd. per ton, 
no account being taken of interest on the initial outlay of 
the kiln structuri*, etc., nor of other .standing charges. 
Where exhaust or waste steam is available the fuel bill 
is reduced to practically a nominal amount. 

The ai)proximate cost of coMiplete timber-jweserving 
plants of various capacities will be found given in the table 
on the folding plate facing tlie preceding page. 
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Useful Formulae, Tables, Memoranda, etc. 

EXTRACTS FROM rVPICAL CRl^OSOTI-: Oil 
SPECIFICA'riONS 


\V. C. Mit(1ii:ll. M.Sc., FoivMry Uraiicli, ('aiiada. 

Ci/v of Toronto, i'auada (IV.s7. 

(1) Preservative. TIh' pirscavalivc' to be used shall a 
product of coal-gas. water-gas. or coke-ov(ai tar, which sliall 
be free from all adulteration, and contain no raw or unliltercd 
tars, petroleum compounds, or tar product^ obtained from 
processes other than those statc'd. 

(2) The spc^cific gravity shall bo not less than one and ten- 
hundredths (no) nor muiv than one and fourteen-hundredths 
(1*14) at a temperature of thirty-eight (38) (h'grees Centigrade' 

(3) Not more than three' anel eene-half (3.I) ])er ce'nt! shall 
be insoluble by continuous hot e.xtraction with benzol and 
chloroform. 

(4) On distyitinn, wliicli sli:ill l)o made exactly as described 
in Bulletin No. 65 of tlie Amerirari Railway Knfjineeriiif,' 
and llaintcnanre of Way Association, tlie distillate, based on 
water-free oil, shall not exceed one-half (1) of one (1} per cent 
at one hundred and fifty (150) dcRiees Centisrade, and shalj 
not be less than thirty (30) per cent, nor more than forty (40) 
per cent, at three hundred and fifteen (315) <le(Trecs Centigrade. 

(5) The oil shall contain not more than three (3) per cent 
of water. 


City 0] Minneapolis, United States. , • 

The preservative to be used shall be a product of coal-gas, 
water-gas or coke-oven tar. which shall be free from all adulter- 
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ations and contain no raw or unfiltcred tars, petroleum com- 
pounds or tar })roducts obtained from processes other than 
thos(! stated. 

(a) Tlie specilic gravity of the oil shall be at least 1*10 at a 
temperature of 38 degrees ('entigrade. 

(b) It shall be coinplet(‘ly liquid at 35 degrees Centigrade 
and show no desi)osit on cooling to 22 degrees Centigrade. 

(c) It shall not contain moia' than 3 per cent, of matter 
ins(.)liible by hot contiinif)us extraction with benzol and 
cliloroforin. 

{ii\ It shall be subjected to a distillation test as specified 
below, and sliall ('onform to the following requirements : 
TOO grains of oil shall be placed in an 8-oz, retort, fitted with a 
thermometer, tlu' bottom of tin* bulb of which shall be placed 
one-half inch above the oil and not moved during the test. 
'rh(‘ discharge opening of the retort shall be from 20 to 24 
inches from the bulb of the thermometer and the retort shall 
be coven'd to pn'vent too ra])id radiation. The percentages 
are for ilry oil and by weight. The average of a number 
of tests sliall show a mean of these ])ercentages, viz. : 


V\) to 150 degrt'es C., nothing must come off. 

.. 170 from 0 per cent, to 0-5 per cent, 

must com(‘ off. 

210 ,, from 2 per cent, to 4 per cent, 

must come off. 

,, 235 ,, from () percent, to 16 percent, must 

conu* oil. 

,, 355 ,, from 40 per cent, to 55 per cent, 

must come off. 


'file distillation shall be gradual, and should be fully com- 
pleted in forty minnt(‘s from the first drop. Thermometer 
readings to be corrected for emergent stem. 

In the process of treatment of the blocks not more than 2 
per cent, of water will lie permitted. The distillate from 170 
(Jcgrecs C. to 2io degrees C. will be approximately tar acids. 
Not HKve than 2 per cent, of sawdust or other foreign matter 
will be permitted. (From 210 to 235 degrees C. will be 
naphthalene.) 
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APPES'DfX 


Unift'd Sldh's Iu)n'sl St'rvict' Spi'cifications. 

'Jho creosote should be derived from the distillation of ])ure 
coal tar, free from any adulteration \vhate\er or an\' mixture 
ot undistilled tar. 11 it contain more than ] per cent, of 
water, a deduction in price corresjxuuling to tlu' per c(‘nt. of 
water in excess of that amount will be made. It shall ha\'e 
a specihc gravity at bo degrees ('. of not less than i -04. When 
analyzed by the standard Forest Ser\ice mcdhod of analysis 
for coal-tar creosote, it shall havt' the following fractions, 
calculated on a moisture-free l)asis (when less than j per cent, 
of water is ])resent in the creosote', it shall be considi'n'd 
moisture free') : 

(rt) l{) to 2e)5 degre'e^ ('., not more than 3 |)ei- cent. 

[b] Lp to 245 (h'gree's C.. not more than fo percent, nor 
less than 3 {)e'r ceait. 

(c) Lp to 230 (k'gre'e's ( ., not more than 30 pe'r cent. nf)i' 
le'ss than 13 per cent. 

{( 1 ) lp to 293 di'grees not more than (>3 per cent, nor 
less than 30 per ee'iit. 

W 3 . 5.5 degrees ( . the re'sielue must be soft and not stick\'. 

On applying the suljdionation te-st to the fraction betwt'en 
305 degre'es C. and 420 de'grees ('. there shall be* no (jil\' ivsidiie 
inseduble in caustic alkalies. 

The indices of refraction at ()o (h'gre.'S ('. shall be as follows 
for the following fractions ; - 

(a) \i 230 degrees C.. not loss than i-39> nor more than 
i-bo2. 

{b) At 290 degrees (.. not less than 1-613 niore than 
1-622. 

[c) At 400 degrees ( ., not less than 1-623 nor more than 
1-632. 


CRKOSOTFl) ROOM) PILIXt, 

Til., following table ((,. 15 . Slii|,li.y, Imhslrial Progress] 
gives economical sizes for jiiling and poles tliat can be cut 
from whole trees. 

If creosoted ])iling is dapped lliroiigli, or is cut off at the 
top, so as to e.xpose the untreated interior, it is necessary to 
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protect the parts so exposed with several coats of creosote 
oil, applied hot ; or, if more convenient, a cement of equal 
parts of coal tar and air-slaked lime, applied hot, will answer 
the same cikI. 

h'or all harbours of the North Atlantic coast, including 
tlioso of Ches;i]X‘ake Hay and its tributaries, 12 lb. of dead 
oil of coal tar an‘ (iuit<“ sufficient. For the harbours of the 
South Atlantic and (iulf, and the ports of the Caribbean Sea, 
15 to 20 11). ])cr cubic foot, de])ending upon the exact location 
and the (onditions go\('rning the particular case, are required. 

USUAL li:n(;tiis, sizi:s and shippinx; weights of 



Di.ui 

. hi. 

Total 

KOUND IdldXl, 

TdI.iI \\'( 2 h Diain. lii. 
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Total Wgt. 

i.Xtu 

led. 


Butt. 

(11. 

1 2 20 
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I-Vct. 

12 

20 

20 

() 

0 
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1 1 
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20 

7 

10 
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10 
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0 
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12 

M 
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0 

I 2 
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13 

10 

3979 
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() 
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7 

15 
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.fO 

8 

1 1 

2 7-()0 

1 .o()0 1 .825 

10 

13 

34 '34 
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• 1 5 

7 

' 1 

28-05 

1.085 1,851 

0 

10 
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<) 
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12 

18 
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<) 
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() 

'f 
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10 
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10 
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7 
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i 

7 
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80 

' 

20 
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() 

2() 
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7 
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CREOSOTICD cross-arms for aerial ELFfTRlC^f 
CONDUCTORS ' 

C. li. Siiii.i.iiv, hidusirial Progress. Milwaukee, Wis. 


C Ubic 


. Wni>ht ill Pounds of 
Oil per Cubic boot. 


15 


f -j' 00 " 
f' 00 " 
■i ()'-on" 

■I 00 " 

s 10 00 " 

(> \2 00" 


7' 

to 10 ' 1 " 
II ij' 
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t)b-i 

12-4 

12-7 
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<linitnsion ;in(4 .s|)ecirication, a 
. o oil per ciiliic fool IS rocoiuincndcci. 

"" w^vsi” ' -I hliictric rai 

• ^ Jl biiifij.:v. /,/7a.s7r/a/ l^yopess, .Milwaukee, Wjj 
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b- 

3 

(1 

Io 

0833 

43 

48 


() 
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2()<S 

METHOD OF TKlEVTlNc; KJ-D OAK THIS THAT SHOITJ) 
BE EM1’^,(')^•^:I) I<OR DIFFEET-XT Pl'RIODS Ol- 
SEASON’! NO. 

{A in:'yi(''.ni Wood Pn'srrrrrs' Associ:ilio)i, 


rVTi<i<l Ilf Sravc.aiii;;. 


I ii ) Sfas-miHl I .111' \'r;u' 

i/») six 

iiiontlis, including 
siiinmer . 

(c) SciiS()ii(.‘(,l iiiii' suni- 
incr .... 

I'J) Srasoiunl fmir 
inontlis . 

If’) S(MS()iii‘(l hvf) 
iiiuiiths . 


ARTIIHCIAL WOOD 

Artiticial wood ronvists of a (•oinj)o>itioii wliidi when in 
1‘itlior a warm or wO condition i> in a |»l;i'>ti(' condition, hut 
which, on cufdini; or dr\ in^, hccmnc^ hard, and lot ms a 
material which rcscinhlcs wood and can he imed for the same 
})iU))o>es, I he most ii^iial uses are lor niouidinf^s, x’eiu'ers, 
|)annu‘try, (tc. 'I'lic method of mamilaftma* con^ist^ in 
j)ul])inj.t 01 other suitalile mtains o( incorporation, jiressurc' 
in moulds, drying in o\'ens, etc., according to the materials 
employed. 

Aititicial wood is generally coinjK^sed ol some of tin* fol- 
lowing materials: ]hi|)er, paper juilj), gliu*, Hour, sawdust, 
heiuj), shavings, ivory and hoiK* dust, alliumeii, resins, gums, 
metallic o.xides, drying oils, gelatine, sulphur, caoutchoui', gun 
cotton, giitta percha, mineral salts. ' 

1 h(* manufacture of artihcial wood forms the suhjt'rt matter 
of numerous patents. 
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( RHOSOTi;!) I'()t.l-:s FOK |.;i.|.;(;tR[C KAIIAVA'I'S 
ri£ij:pn()XF:s and Ti:rj:(;pAPK jjxi-s ' 

<i. 11 SiiiPLi.v. luduslrial Proi^n'css, Milwaukee, Wis. 


Sh,!])*'. 
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I rel. , >- I A 
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1 

2.Pbl 

2,51s 

2.^5 \ 

(>•-, 

s 

1 ~ 

.5I'iS 

2,SS, 

2.oSb 

. 1.'47 

7 * ’ 

,s 

1 7 

, 5 , 5 -' 1 '^ 

,T "7 

,1.201 


7.5 

N 

IS 

'’. 5 -* 7 

.b'>2 i 

. 1 . 74 ^; 


So 

,S 

IS 

<)()•()( ) 

.l.Siij 

1.0' iS 

4.215 

-.5 

■1 

0 

7 -<m| 

.|J<) 

142 

105 

.b ’ 

■1 


lO’O.) 

. 5.5 / 

570 

0( )S 

. 1.5 

.5 

1 1 

!<)•.'() 

*00 2 

0.14 

oS.| 

,|0 

<) 

1 2 


1.2S7 

'..1.12 

1.404 

• 1.5 

() 

I _> 



1 , 501 ) 

1 .5 So 

. 5 <> 

() 

I ^ 

. 1 ~ 7 I 

1 ,Si() 

1 ,SSo 

i.'tSj 

.5 5 

7 

I 1 

I.Pbl. 

2.}2S 

-■. 5<7 

2.044 

('() 

7 

'•1 

■ 17 'M 

2.<M.1 

77.1.5 

2,184 

<*,5 

7 

',5 

. 5 , 5 -I-’ 

2.S70 

2 .'l 7 o 

-1.1.1' 

?( ) 

/ 

'5 

1)1 -40 

.T }<7 

.1.520 

.1.7.17 

7,5 

7 

n> 

7 “ ' 7 

.[,005 

4 . '45 

4 .. 11>0 

So 


It) 

7 ()-(i<) 

•1.271 

4.42' 

4.7'^ 


Nori'. 'l.enf>tli.; are ill leet ; ollu'r (liiiieiisimis are in iiielic'; 
lor Irealinents ..f to, i.> aiul i s ll>. ..il resiMnivelv. 


\\'ei>;hts are 
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FACTORS FOR DKTKRMIMNR; TUIC VOl.UiMI- OR 
CRKOSOTF, Oil,’ AT ioo“F. WIIFV TIIR Oil 

IS AT TFMPFRATURKS RAN'CINC HFTWI'FN’ i;o“ T() 
('5',5'’ I'O io'-2‘‘(:.) ‘ 

G. B. Siupi.nv, Milwaukee, W'is, 


Temp 

halir. 

Factor. 

’JVmp 

l-'.ihr. 

l-'actor. 

()() 

ogHjj 

I'i 102 

l-ooo<) 

I 

om)827 

3 

I -0013 


o-oS^ I 

4 

I -0018 

0 

O-qS^t} 

3 

1 -0022 

4 

o-98.p) 

() 

I -002 7 

,5 

0-0845 

7 

1 -003 T 

h 

0-0841) 

8 

1 -oo3() 

7 

0-O.S53 

*) 

1 -0040 

s 

0-0858 

1 fo 

1 -oo.| 5 


0-080. • 

J 

I -< )O .}0 


0-0867 

2 

1 -0053 

I 

0-0871 

3 

1 -< >058 

- 

o-() 87 () 

4 

I -0002 


o-()8.So 

3 

1 -Oot>7 

4 

0 -1)885 

() 

1-0071 

3 

o-o88() 

7 

1 -00 7(1 

() 

o-o8o4 

8 

I -0080 

7 

0-0898 

0 

I -< >085 

8 

0-9902 

. 120 

1 •(H)8<) 


0-9007 

1 

1 -OO04 

.So 

O-O*)! I 

2 

I -oo( )8 

I 

o-OOTb 

:i ^ 

I -0102 

2 

0 -() 92 D 

'1 4 

1-0107 

3 

0-902 5 

3 

I -01 I 1 

4 

O -()920 

6 

I -oI 1(> 

3 

I-9034 

^ 7 

I -O I 20 

h 

0-9038 

8 

I -0125 

7 

O'0043 

0 

I -0 I 2 () 

<S 

0-9047 ' 

[30 

I-OI3I 

<4 

O-093 I 

I 

1-0138 

90 

0-9956 

2 

1-0143 

I 

0-9960 

, 3 

1-0147 

2 

0-9963 

4 

1 -0151 

.•i 

0-9969 ^ 

i 3 

I -0156 

4 

0-9974 

(> 

I -0 I 60 

3 

c -9078 

7 

1-0165 

6 

0-9983 : 

8 

I -0169 

7 

0-9987 

9 

1-0174 

8 

0-9()92 

140 

r 0178 

9 ; 

0-9996 ■ 

r 

TO [83 

100 

I'OOOO [| 

2 

I 0187 

I 

I -0004 1 

3 

[-0192 


Temp. 

l-'ahr. 

1 -actor. 

Temp. 

l-'ahr. 

l-'actor. 

144 

1 -OI<)() 

186 

1-0382 

3 

1-0200 

7 

1-0387 

() 

I -0204 

8 

1-0301 

7 

I- 020 () 

<1 

T - 03 <j 6 

8 

r-02 13 

loo 

1 -0400 

<) 

1-0218 

1 

1-041,4 

130 

1 -0222 

2 

1 -0400 

I 

1 -0227 

3 

1-0413 


I -023 1 

4 

1 -(.,418 

3 

1 -o23t> 

3 

1-0422 

4 

I-02|<. 

t, 

1-0427 

3 

I -02 15 

7 

1 - 0.131 

i ) 

I -0240 

8 

ro.|3(, 

7 

1 (.233 

<) 

i-o.f40 

s 

I-023S 

200 

'•^M13 

9 

I - 02 t )2 

1 

1-0440 

l()0 

1 -02(17 

2 

1-0433 

1 

1-0271 


1-0438 

- 

T -02 7( > 

4 

1-0)62 


1 -0280 

3 

J-oit,-; 

-1 

1-0283 

(, 

11,471 

3 

I -028<) 

7 

t- 047 (, 

() 

r-02().} 

8 

1 -0480 

7 

1 -0 2()8 

g 

j-0483 

8 

I -0 F)2 

2 10 

1 -o.)8<, 

0 

r-0307 

1 

1-0494 

I 70 

1 -03 1 1 

2 

1 -04(^8 

I 

1-03 It, 

3 

r -0302 


1 -0320 

•1 

J -0507 


1-0323 

3 

1-0511 

-i 

1-0329 

6 

I •03i() 

3 

»<>334 

7 

1-0520 

<) 

I •0338 

8 

I ■^5-^3 

7 

' ^>.343 

9 

T-0529 

8 

i-<>347 

220 

^•<6533 

9 

I -03 5 1 

I 

I'‘^538 

r8o 


2 

1-0542 

r 

I -0360 


I -0347 

2 . 

^ <>365 

4 

1-0551. 

3 

1-0369 1 

5 • 

1-0556 

4 

10373 ' 


— 

3 : 

I •.>378 

- 
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the volume at 
peratiire in the 


O.V.- To (Ictennin 
any temperature 
above table. 


e the volume at loo deforces Falireiihoit, divide 
t>y the factor cr,rrespondin|i,' to that tern- 
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ANAl.YSIS OK PKICSKRVATIVES K.SKV> lx i>i.^.evha. 

TION TESIS 

Or. H. \’()n Scfiki-.nk and A. K. Ka.«.vikri;k, Proceedui!;, 
Anicrudu Wood Preservers' Association 


Sp. Gr. at 100 ' 1'. 

1 ar i\ci(is by N’oliiin 
Gp to 200" (', 

100 to 2 Id M'. 

21 d b) j pv ( , . 

233 to 270' (', 

270 to 315-’ {'. 

.G3 to 333^ (', . 

I^csiduc 
Water . 


(iorinaii 

Creo- 

sote. 

Carbo- 

liiieiirn. 

: A uteri - 
j can Creo- 
i sote. 

bystcr 

W'ood 

Creo- 

srite. 

80 and 
20 per 
cent. 
Mix- 
ture. 

I *0* ).) 2 

1 1020 

■ '‘’.TV’ 

I -opo I 

1 ofn^tj 

1 <T 

I’er 

Per 

1 ’er 

Per 

Ceill. 

cent. 

cent. 

cent. 

cent. 

7 

1-0 

i <'^•.5 

73 -0 

^>•7.5 

()• 1 

OM) 

»'7 

I -2 

0-0 

I 3 

00 

5 - 

‘•’•.3 

o-t 1 

<>•3 

()•() 


<)■ 1 

2 f )7 

213 

0-1 


•ppi 

20-2 

23 

1.C2 

12-7 


I2'4 

23 -() 


j 2 •() 

^•7 

I 2'8 

]<)•(» 


‘>3 

10-3 

21-2 

0-0 

0-0 

0-0 

i-l : 

0-0 


F()RMU]..\ FOR Fl.\r)l\(, ( APACUV OF CIRCFI.AR 
TANKS 

A simple, formula for (piirkly (lOe-rmininK the upirroxi- 
inato caparitx- „f rjrcular tanks for storing errosote of 
other antiseptic a,i;ent. wliicli is staled to be accurate to 
within I jicr cent, for a tank of 5.000 barrels capacitx-, i.s 
given by Mr. S. R. Church. Manager of the Kesearch 
Department of the IFarrett Manufacturing Coy. (Il'ooi/ 
Preservers' BiiUcliii, April-June, 11)14), as follows : Dia- 
meter (infect) squared x depth (in feet) -fSi = capacity 
in 50 gallon barrels. 


lo Preserve Posts from Decay. 
Thoroughly season, char, and immerse in heated coal tar. 
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To I^KKVFNT Wood ('ka( kin(. 

ImiiKMSo th(' wood in a tank of paral'lin wax heated up to 
212 degiXM's Falir. (ioo"(\) and retail'd at that tenipt'ratiiro 
until it lias ceased to ,L,dve off air bubbles and then allow’ed 
to cool down to point of eoni^^elation. The wood should 
then be removed and the adlu'rini; wax scra[)ed oif. 

IHK l'TT'l' 2 ('l' OF DKIVTXti C'trp SPIFFS IXTO PORED 
IIOLICS FPON TlIlOK IIOFDIXG JM)\VEK ’ 

(All ties Red ()ak iiiitoMted) 

11. 1'. Wi iss, y Ve('('tv//T;'s Aiucyiidu Wood Prcscncrs' 

Asso( tolioii . 


Mctli'nl .»! IiiM-rtiii- Sr.ikc in fir Kesistancp 1 ( 

’ ' rull. 

Ordinary inch S(|uare spikes driven witlieut lb 

. ■ 7 ,o‘,^ 

Oidinaiy jJ. inch S(|nare spik(‘s pointed on tour 
sides, driven in hole if inch in diameter . . 8,178 

Oiclinary /J, inch stpiare spikes pointed on lour 

sides, driven 111 hole I'j inch in diameter . . 7,851) 

Ordinary inch .S(piare spikes pointed on lour 

sides, driven in hole \ inch in diameter ... 7 ()(, , 


Crhu Fkft in Onk Tox of DiFFFFtFxr Woods. 

rile foll()wink( ‘fio the enbie leet r('(|uired for the woods 
named to wei^di approximately one ton ; Ash, 871045 ; beech, 
42 to 50 , deals, 55 to 05 ; elm, 53 to fx) ; ebony. 27 to 30 • 

tir (Baltic), 5(, to bo ; hr (Seoteh), bo to b5 ; lime, 56 to 59 ; 

mahogany, 34 to 3b ; maphy 4b to 4S ; oak (green), 32 to 39 ; 

oak (seasoned), 32 to 48 ; pine, 55 to bo ; walnut, 50 to 53.' 

IIoward''i'!\vcjss,^''''^^^ Service- Pro/ongbig the Life of Cross Tics-By 
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('RUSHING STRRNGTH ()1< ('ROSS TIES TN PER CENT. 
OE WHITE OAK 


H. JC Wi'Jss, Procrcdini^s American Wood Trescn'crs’ 
A ssocialion 


\ 

Kind of : 

fibre .Slrest 
.it Idas tie 

Fibre .Slrov 
in I’lT rent 

C oiuiiioii .N'aim'. 

I'.ot.liiie.il N.iiiie. 

Limit I’er- 
pciicliciil.ir 
tol'irain. Lb 
per sq. in. 

.4 White 
Oak, or 

Si Ob, 
per '.q. in. 

( is.i^r OriUiKC .... 

To.wlon I’oinifennn 

2 ,.: bo 

265'0 

lloiU'V Locust. 

( rh'flitsia Triacanthos 

I,bS.( 

107-5 

lUack Locust . . . . i 

Robinia I’seudacacia. 

I. } 2 b 

167-2 

I'ost Oak 

Ouercus Minor . 

I,I 4 <S 

1 34 -b 

l’i|4uut llickoi'v . 

Jlicoiia (il.al)ra . 


1 tvo 

\\'.it(‘r Hickorv 

,, Aqualiea . 

I .oS.S 

127 -S 

Sliagluirk Hickorv- 

Ov.ita . . . 

1.0/0 

1 2S-5 

Mockcruut Hickorv . 

Alb.i . . . 

I.OIJ 

I lS*() 

Slu llliark Hickorv . 

,. 1 .iciuios.i 

<r >7 

Ilb-q 

Hittcniut Hickorv 

., Minim, 1 . 

uSr. 

1157 

Xuliiic^ Hickorv . 

Mvristicaefonins 

') 

I 10-0 

^Vtlo^v Oak .... 

0u( rciK \'eluliu.i 

bs 7 

IOo-<, 

\\ llitc O.lk 

.. .\I 1 m . . . 

Ss \ 

I 0()-( ) 

Mur ( )ak 

M.icroe.irp.t 

Stb 

.)S-o 

While Ash .... 

1 ra.xnius .\meiic.ui.i 

.S.’S 


Red Oak 

(.liiercus Rubr.i . 

; 7 S 

01 -2 

.^u^ur Mapli- .... 

.Acer S.ioch.trntu 

74 - 

S;-o 

l-tock Lliii .... 

Lhnus 

1)1)0 

Si-h 

Mccch 

l-.mus .Aliopunice.i . 

(107 

71-2 

Slipperv iHiu .... 

Lhnus I’ubcsceiis 

suq 

70-2 

Redwood 

Se(|U' >i.i Seiupt'rvircns 


(> 7-8 

Maid C vpress .... 

r.ixodiuin Distichum 

.s 4 ^ 

64 • t 

R('d Maple .... 

.Acer Rubrum 

s H ! 

1 ) 2-3 

1 lackherrv 

Celtis Occidi'Utalis . 


bi -b 

Incense t i-d.-ir 

1 iboci-drus Hecurreiis . 

! aij' 

1)0 -S 

Hemlock 

I'sug.i L.inadcnsis 

4<)7 1 

58-3 

l oimdeat I’ine . . . ; 

Minus I’.dustris . 

i 401 

57 -b 

T.tmarack 

1 anx L.uicin.i . 

; ; 

56-3 

Silver Maple .... 

Acer S.iccharinum 

4 : 

5 .L .5 

Yellow Mirch . . . . ; 

Betuki Lute.i 

LSI 

5 3 - 2 

Tupelo 

Nyssa Aqu.dic.i 

4.S1 

52-0 

Mlack ( lien v . . . . ; 

I’runtis Serotin.i 

1 444 

i 52-1 

Svc.uuore ' 

I’latauus Occident. ilis . 

; LLi 

i . 5<>-8 

HoumIus l ir .... 

Mseiidotsiiga T.ixifolia . 

' 4-7 

! . 50-1 

Lucuiidicr I'ree , . . ’ 

M.ignolia .\cuminata 

4b.S 

, 47-8 

Short-leal Ihue 

Minus Lrhinat.i . 

.100 

40-0 

Red I’ine 

,, Resiiios.i . 

.15 'S 

4 2-0 

Simar I’iiie . . . . ; 

,, Land>ertiana . 

,L 53 I 

41-4 

While Lhn . . . . 1 

Lhnus .Ainerican.i . 

1 .LSI 

41-2 

Western \’ellow I’ine. 

Minus Monderosa 

' 348 

40-8 

J.odgepolc I’iuc . . . ! 

Lontorta . 

348 

40-8 

Red Spruce . . . . j 

Micca Rubens 

! 34.5 

40-5 

White I’ine .... I 

Minus Strobus 

314 

36-8 

Lngelnian Spruce. . . 1 

Micea Lngelnianni . 

-mo 1 

34-0 

•Arborvit.n I 

Thuja Occidentalis . 

288 ' 

33-8 

LargMtHith .Aspen 

1 Mopuliis (drandidentata 

269 

31-5 

White Spruce. ... 

Picea Lanadensis 

262 

30-7 

Hutternut 

Jugl.ans Cinerea . 

^58 

30-3 

Buckeye (yellow). 

; .Acsculus Octandra . 

210 

24-6 

Basswfxxi 

1 Tilia Americana 

209 

24-5 

Black Willow .... 

1 Salix Nigra .... 

iy 3 

22-6 
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EFFECT OF TRFAT1N(; TIES UPON TlfEIK CRUSHING; 
STRENGTI[ AND SPIKE-irOLDING POWER » 

H. F. Weiss, Proceedings American Wood Preservers' Association 


Kind (.)f Wood. 

Treating 

Crushing 
Strength at 
1 -ilastic Limit 
iVrpendicular 

Resistance to Spike 
I’niling in per Cent, 
of entreated Tie 
with Cut Spikes. 


l Yocess Csed. 

to Cr.iin in 

JVr Cent, of 
Entreated Tie. 

Cut 

Sj tikes. 

Screw 

Spikes. 


/ Put rent ('(! . 

too 

100 

' 7.1 


1 lEirnelti/.cd . 


oS 

' 7 - 

K(’il 0,» K . 

I.owrv 

ln.| 

'Ll 

Eg 


1 K’uojiiiio 

OJ 

‘G 

jOj 


M'ulKvil 

l..l 

tot 

17-’ 


/ rntroafod 

loo 

loo 

-’La 


1 IGu'|)in;.t 

oo 

'Ll 

2 O0 

Loblolly I’inc. 

Lowrv 

lO.| 

'M 

^10 

Ruoping 

1 1 J 

lo«» 

J 4 () 


1 lAiI! Coll 

1 oo 

<^4 

1.S4 


'crude Oil 

7 .) 

;)d 

102 


/ riitro;it(‘d . 

loo 

loo 

241 

Siiort-icaf Pino 

1 Rtu'jung^ 

K'd 

loo 

200 

■j Full Coll 

loS 

10 t 

— G 


'Crude Oil 


la 

I 70 


1 Entreated . 

loo 

loo 

202 

Loiig-Icaf i’ino 

■ fiiiepin" 

1 Full ('oil 

IO<) 

loo 

-'L 5 


lO I 

or 5 

, 7 <^ 


'Entreated . 

I oo 

too 

228 

Red Gum 

1 Ruepin<; 

07 

102 

222 

1 Full Cell 





Crude Oil . 

<)<) 

7 '> 

270 


A part of the differences in strength here noted is due to varying inoistnro 
contents of the tics and the fact that different tics had, of course, to lie us.-d 
It being impossible to keep these absolutely uniform. 

Data taken from experiments made under tjie direction of Dr. ,W K 
Hatt and published in the bulletins of the American Railway Engineering 
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-Asrn i)i:fi,i:ctio.\ of wooijf.v Pr,r 

Kiciiakd Wahh, Sons & Co. 
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-The- deflect ion ut an A pole in thf (iirecli..u of the line is half that of 

- ^ t }•» i if » I ! 1 n r' h 
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THE BLEEDING AND SWELLING OF PAVING BLOCKS 
Clyde H. Teesdale, American Wood Preservers’ Association. 

In a very intercstiiif; paj)cr Mr. 'reesdale deals with tests 
made on a ])ractical scale to ascertain tlu* cause of the bleeding 
and swelling of wood ])aving-blocks and the effect of varying 
the method of treatment on the latter, and gives full details 
of the materials used, tlie method of conducting the work, 
and diseuss('s th(' results of t lu' x arious tests. The pa])er is illus- 
trated by a miml)(‘r of diagrams sliowing the effect of vacuum 
on ble('ding ; flu; iidhienct' of steaming on bleeding ; the 
bleeding of gi een and air-seasoned blocks ; the bleeding 
of long-leaf pirn', and rapid growth of loblolly pine blocks ; the 
elh'et of \ ai \ ing alxoiplion on bleeding ; the effect of external 
pressure on bha'diiig ; Hk' bleeding of air-dry hemlock blocks ; 
th(' ('ffeet on swelling of using various mixtures of creosote 
with carbon-fice tar (sj)eeihc gravity ; the effect on 

swelling of using \’aiions mixtuns of creosote and carbon-free 
by-product tar (specific gravity ; the effect on swelling 
of using \arioiis mixtuns of creosote' and carbon-free gas- 
house tar (s})eeihc gravity n-’/g) ; the effect on swelling of 
using a mixture of creosote and l)v-])ro(hict tar (s])eciric gravity 
1 'iiSg) containing various amounts of free' carbon ; the effect on 
swelling of using a mixture of cn'osole* and by-product tar (spe- 
cificgravity rjgai containing various amounts of free carbon ; 
the effect on swelling of using a mixture of creosote and gas- 
house' tar (spe'cific gravity i'273) containing \ arious amounts of 
fre't' carbon ; the effect of vacuum on swelling using an average 
absorption of alxait 10 lb. pe'r cul). ft. (soaking t('sts) ; the 
I'ffect on \’acuum on swelling using an a\erage al)S( 3 rption of 
about if) 11). pt'i’ cub. ft. (soaking te'sts) ; the eftect of vacuum 
on swelling using an a\’erag(' absorption of about 10 lb. per 
cub. ft. (sand cushion te'st) ; llu' efh'ct of vacuum on swelling 
using an ave'rage absorption of about 16 lb. per cub. ft. 
(sand cushion test) ; the effect of varying absorption on swelling 
(soaking test) ; the elfe'ct of \'arying absorption on swelling 
(sand cushion test) ; and the' difference in swelling of the tops 
and the#bottoms of blocks (sand cushion test). 

Tlie following are the general conclusions arrived at by 
Mr. Tee'sdale : “ These tests seem to indicate that long-leaf 
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pine paving should be treated in the green condition after 
being well steaiiK'd. All blocks, (‘\'en if thoroughly air- 
seasoned, should be well steamed. While it is true that a 
preliminary and final vacuum greatly retarded bleeding and 
to some extent the swelling of air-seasoned wood, a prc'liminary 
vacuum will tend to make the absorption of oil too rapid 
during treatment, resulting in uneven pemetration. A 
steaming period is. therefore, advisable to render tlu' absorption 
less rapid and allow a longer and more intense pressure period 
to be applif'd. furthermore, if seasoiu'd blocks are steamed, 
they will tak(' up moistun' and ('Xj)and and should be less 
liable to give trouble from swa'lling after laying in tlu^ street. 
For these reasons it would l)(‘ pnderable to treat green material 
when it is possible to obtain it. 

“ If for any reason the Idocks cannot be laid soon after 
treatment, they should be covere(l and juahaps wetted occa- 
sionallv to prevent them from drying out. It is like1\- that 
if the blocks are wet when laid, expansion troul)l('S will l)e 
much reduced, provided a good jol) of laving is done. 

“ It would se(‘m to be desirable to gi\'e a vacuum treatment 
after the steaming period and also after the oil has been 
removed from the cylinder. If tar mixtures are used, a hnal 
steam bath should succeed the final vacuum to remove carbon 
and dirt from the blocks. 

" Absorptions of over ib pounds |)er cubic foot hardly s('em 
necessary. Data an? available which show that heavier 
absorptions do not greatly retard swelling and thev tend to 
increase bleeding. 

It seems very likely that tlu' reasons why some paveimaUs 
bleed while others do not niav \'er\' often lx- traced to the 
method Li.scd in treatnamt. A jilant tn'ating green material 
would resort to a steaming and vadium treatment with the 
result probably that the blocks would give no troiibh*. The 
same plant, ])(!rhaps, would later treat s('asoned material 
without steaming it or giving it a vacuum treatment. This 
would be the simplest method of tnN'iting such timber as much 
time would be saved, and these operations would s(*em unnece?- 
sary. , 

" These tests do not indicate that the use of tar mixtures 
will prevent swelling, although th(‘y tend to r(‘tard it. The 
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least swelling was obtained with large amounts of gas-house 
tar having a high viscosity and specific gravity. Previous 
tests, however, have shown that such tar mixtures greatly 
retard penetration. Tin? tar most suitable for mixing with 
creosote', wlu'n tla'ir penetrating qualities are considered, are 
those liaving the lowest p('r cent, of free carbon, and possibly 
those liaving low sp('('itic gra\'ities and viscosities, These 
tests indicate that such tars do not greatly retard swelling. 
It would seem, tlu'refon', that the only justilication for mi.xing 
tar in oils to l)e used for tn'ating paving-blocks is to lower 
its cost. 

“ Fiirtherinore, the tests indicate that increasing the absorp- 
tion of oil above 10 pounds ])er cubic foot does not tend to 
aj)preciably decreasi' swelling. It would seem, therefore, 
that in drawing up specifications for treating blocks, the 
watei'iifoofing ('fleet of (he oil or tiTatment should not receive 
nuu'h consich'ration. The main points (o be considered 
(aside from the S('lection of W(H)d) should be to have sufficient 
oil of good grad(’ to olitain a thorough penetration in order 
to avoid decay, and to six'cify a method of treatment that 
will not cause the blocks to l)le('(l. The tc'sts also indicate that 
swelling should be controlFd principally by having the blocks 
in tlu' green condition when laid in the stnaT. and by taking 
special care with the filk'r and method of laying so that water 
will not penetrate to tlu* bottom of the blocks." 

Timhkk-Tki.atinc Pl.ants IX TiiK UxiTi'D States. 

Mr. E. h. IV)W(‘ll states (Proc('('dings of the Association of 
Engineering Societi('s. \’ol. 52) that there are in the 

Unit('d Stall's ninety-four wood-pri'S('rving plants, each cap- 
able of treating or ])r('serving an average of 30,000,000 feet 
board measure per annum. According to the same authority 
the various steam and eh'cti ic railways use about 150,000,000 
ties or sleepers pi'r annum. 
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Teak, African . . . Oldtieldia africana .... West Africa .... Hard 

,, Indian . . . Tectona grandis India . ... 

'^^orn Crataegus punctata .... United States lE.) . 



Cedrela toona India 
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WOODS COMMONLY USED 

IIOLTZAPFFEL 
I'oR Hliilding 


SJiipbuilili)i(' 


Cedars 

I .a relies 

(Firs) 

Locust 

Elms 

Oaks 

Firs 

Teak, etc., etc. 


Wet Works, piles, joundations, etc. 

Alder 

Oak 

Beech 

I’lane-tree 

Elm 

Wliite Cedar 


House Car pen try 

(Firs) 

Bines 

Oak 

Sweet cliestnut 


For 

Machinery and Mu.lwork 

Frames, etc. 

Ash 

Elm 

Beech 

Mahogany 

Birch 

Oak 

Deals 

Idnes 

Rollers, etc. 

J3ox 

Lignum vitae 

Mahogany 

Teeth of Wheels, etc. 

Crab tree 
Hornbeam 

Locust 

Foundry Patterns 

Alder 

Mahogany 

(Firs) 

Pine 



FORMULA, TABLES, MEMORANDA, ETC, 323 


For Turnery 


Common Woods for Toys : Softest. 


Alder 

Sallow 

Asp 

Willow 


Beech ) „ 

, y small 
Birch J 


liest Woods for Tnnhrid^e-ivare 

Holly 

Apple-tree 

Horse-chestnut ) White 

Pear-tree 

Sycamore ) w’oods 

Plum-lrce 

Hardest Lnglish 

Beech, large 

Oak 

Box 

Walnut 

Elm 


I'OK Fukmturi- 

Common Furniture 

and Inside Works 

Beech 

Cherr^'-tree 

Birch 

(h'ir) 

Cedars 

Pines 

Best Furniture 

Amboyna 

Satin wood 

Black ebony 

Sandal wood 

Cherry-tree 

Sweet chestnut 

Coromandel 

Sweet cedar 

Mahogany 

Tulip wood 

Majile 

Walnut 

Oak, various kinds 

Zebra wood 

l^ose wood 


MISCELLANEOUS 

PROPICRTHCS 


Elasticity 

Ash Sweet chestnut, small 

Ilajel Snake wood' 

Hickory Yew 

Lance wood 



3^4 


APPENDIX 

Inklasticitv and Toughness 


Beech Lignum vit:e 

Elm 


Colouring Matter 


Brazil 

BraziJIetio j 
Cam wood 

Log wood I Red dyes 
Nicaragua [ 

Red vSanders j 
Sapan wood / 


Green ebony, green dye 

Oak 

Walnut 


Even Grain, proper for Carving 

Lime-tree Pine 

Pear-tree 


Durability in Dry Works 

Cedar Sweet chestnut 

Oak Yellow deal 

Poplar 


Colouring Matter 


Fustic ] Yellow 
Zante j dyes 
Camphor wood 
Cedar Scent 


Rose wood \ 

Sandal wood „ 
e ,• , ■ Scent 

Satin wood 

Sassafras J 


SPECIFIC COHESION AND STRENGTH OF WOOD 
Prof. Wallace 


Alder 1.506 

Ash ........ 1-804 to 1-274 

,, red (seasoned) 1-899 

„ white 1-509 

I^ay 1*547 to 1-085 

Beech 1-880 

Cedar 0-528 , 

Chestnut 100 years in use .... 1-291 

Citron 1-357 to o-868 



FORMULA, TABLES, MEMORANDA, ETC. 325 


Cypress 
Elder . 

Elm . 

Fir . . . 

„ pitch pine 
,, strong red 
,, Memel, seasoned 
„ Russian 
,, American 
,, yellow deal . 

„ white . 

,, Scotch . 

,, Scotch, seasoned 
Lancewood . 

I.arch . 

Lemon 

Mahogany, Spanish 
I\Iaplo,' Norway 
Mulberry 
Oak . 

,, luiglish. 

,, ,, seasoned 

,, French . 

,, ,, seasoned 

,, Baltic . 

,, American white 
,, Dantzic 
Plum . 

Pomegranate 

Poplar 

Teak, Java, seasoned 
,, Pegu . 

,, Malabar 
Willow. 


. 0732 to 0-542 
I -086 

• 1-432 

1-380 to 0-879 

• 1-398 to 0*380 

. 1-172 

• 1-154 

1-062 to 0-963 
. 0-942 

0- 900 

• 0-455 

. 0-711 

. 0-837 to 0-745 

. 2-621 

- 1-177 

. I -004 

- 1-283 

• 1-123 

- 1 -492 

1- 085 to 0-936 
I -(^85 to 0-936 

• I -509 

. i-o6o to 0-960 

- 1-559 to 1-363 

. I -2 1 1 

. I -009 
. o-8i8 

. 1-357 to 1-205 

. I -22 1 to 0-882 
. 0-705 tp 0-488 

- I -509 

. 1-400 

- 1 -395 

1-375 to 0-809 


RESISTANCE OF WOOD TO PR 1 -:SSURE 

Prof. Wallacp: 


America^ pine . 
Elm . 

English oak 
White deal 


1,606 lb. 
1.284 ,, 
3.8O0 
1.928 „ 
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The yate wood of Australia is said to be one of tlic strongest 
woods in existence. It is reported by tlie Australian govern- 
ment to have an average tensile strength of 24,000 lb. to 
the scjiiare inch. The yate tree grows to a height of 100 ft. 
and attains a diameter of 2I ft. 

TABLE OF SPECIITC GRAVITIES OF SEASONED 
TIMBER 



W. Templeton. 






Specific 

Lh. cubic 

Cub. ft. 




(ir.ivity. 

feet. 

1 ton. 

Alder 



7 T> 

T> 

•|8.i' 

.\pplc 



70- 

•I9J 

' L 5 i- 

Asli 




32 

43 

Beech 



83 > 

53 1 

42 

Birch, English 



792 

• 19 ^ 

45 i 

,, American . 



o.jS 

40.1 

55 

IMack wood . 



{>(,2 

411 

54 

Blue gum 



1 , 1 00 

08 •/ 

32 1 

Box, JTencli . 



C 3-^8 

83 

27 

,, Dutch . 



912 

57 

39 

(x'dar, American 




35 

0.] 

,. Sydney . 



5()0 

Ml 

64 

,, ('anadian 



910 

57 

39.1 

Cherry-tree . 



7 C 5 

45 

5 « 

Chestnut .... 



()IO 

38 

59 

(.'ork 



240 ; 

15 

M 9 

('owdi pine . 



512 : 

32 

70 

Crab-tree .... 



708 ; 

48 

1 4^4 

Ebony, Indian . 



1,208 ' 

75 i 

: 29 

,, American 



L 33 I 

83 

27 

Elm 



<^73 ' 

•12 

; 53 

Hawthorn 



610 

38 

! 59 

Holly and hornbeam 



760 1 

A 7 l 

47 l 

Ironbark .... 



1.233 

77 

29 

Laburnum 



920 j 

57 ^ 

, 39 

Lance wood . 



1.023 ! 

64 

35 

Larch 



530 1 

31 

72 i 

Lemon -tree . 



704 1 

i 44 

5 ^ 
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T.ignum vit^e . 
Lime-tree 
Log wood . 


Maple . 

Oak, English 
,, American 
,, African 
Orange-tree 
I ’car- tree . 
Pine, pitcli 
M ,rc(l . 

,, white 
,, yellow 
Poona . 

Poplar 
Plum-tree . 

Red gum . 
Rosewood, bl 
Sycamore . 
'Peak . 

Walnut . 
Willow. . 

Yew, Spanish 
,, Dutch 


Woods. 


Beech . 
Birch 
*Oak . 
Poplar • . 
Willow . 




Specific 

(Gravity 

Lb. cubic 
feet. 

Cub. f . 
1 ton. 



L339 

83^ 

26^ 



760 

47^ 

47i 

in 


913 

57 

39 l 


720 

45 

50 

id liras . 

: : : 

560 

35 

64 



752 

47 

47 l 



934 

, 58 




O72 

■ 42 

53 1 



944 

59 

38 




44 

49^ 



l)0O 

4^ 




73<' 

•19 

4«! 



(.72 

42 

53 



I5<> 

2S.] 

7SI 



•M« 

28' 

80 



(40 

40 

35 



384 

24 

93i 



785 

49 

45 i* 



001 

59 1 

40 

V « 


1,280 

80 1 

28 



024 

39 i 

57I 



750 

46 1 

48^ 



(>71 

42 1 

53 i 



585 

3''2 ! 

ci.[ 



S07 

50. i ! 

•I4i 



78S 

49i i 

: 1 

45 

COMi’OSITIOX OF WOODS 


Carbon. 

Hydrogen. 

Oxygen. 

Nitrogen. 

Ash. 

^ I’lT cent 

Per cent 

’er cent 

Per cent 

Per cent 

49-3<J 

()OI i 

4 2 -(.9 

0-91 

l-oo 

50-20 

0-2O 

4 1 -62 

J*I5 

0-8 1 

49*94 

5*92 , 

41-16 

1-29 

1-97 

49*37 

()-2I 

41-60 

0-96 

1-86 

49*99 

5*99 

39*95 

0-96 

3*37 
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CLASSIFICATION OF TIMBER ACCORDING TO SIZE 


Balk , 

Whole timber 
Half timber 
Scantling 
Quartering . 
Planks 
Deals . 

Battens 

Strips and laths 


12 in. X 12 in. to i8 in. x i8in. 

() in, X 9 in. to 1 5 in. x 15 in. 

9 in. X 4J in. to 18 in. x 9 in. 

9 in. x 4 in. to 12 in. x 12 in. 

2 in, X 2 in. to 6 in. x 2 in, 

1 1 in. to 18 in. x 3 in. to 6 in. 

9 in. X 2 in. to 4J in, 
4I in. to 7 in. x | in. to 3 in. 

2 in. to 4^ in. x i in. to i| in. 


Ph:RCh:NTAGF. OF WATER IN AI R-SICASONED WOOD 
SrONS, .'IfccJid airs' ()wa Bonk 


Beech . 

1 8-0 

Birch . 

! ^o-o 

Pine red . 

.507 

Poplar . 

200 

Oak red 

-07 

(die.stnut . 


Sugar and com. 


,, white. 

. 1.57 

I’oplar, Italian 

,,8-2 

Maple . . 

27-0 

Pine, white. 

37-^> 

black. 

.50<^ 

Ash .... 

28-0 

n ,, • 

,1.57 

Linden 

1 


MEASUREMENT OF TIMBER 

To measure standing timber lake the length as high as the 
tree measures 24 in, in circumference. At one-half of this 
height the measurement to be taken is tlu^ mean girth of the 
timber in tiie stem of tlu; tree. One-quarter of this girtli is 
taken as the side of the equivalent square area. All branches, 
so far as they measure 24 in, in diameter, are included as 
timber in the measurement. 

It is the usual custom for the buyer to have the right to 
choose any particular part as tlie girding place intermediate 
between the butt end and the half height of the stem. 

Number of cubic feet in one ton of seasoned timber : Ash 
45, beech 51, elm 60, fir 65, mahogany 34, oak 39. r 

Four methods of measuring timber : quarter girth, trqe con- 
tent, die square, and squared or calliper measure. For e.xample, 
taking a tree 20 feet in length by 24 inches in diameter, 
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the measurement by each of these methods will be as follows : 
Quarter girth . . . . 45 ft. rough measure 

True content . . . . 62 ft. cube 

Die square (17 in. square) , , 40 ft. cube 

Calliper measure . . . . 74 ft. 

CONTENTS. SIZES, AND Wl- IGHTS OF TIMBER 
40 cubic feet unhewn timber ~ i load. 
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I load of unhewn timber ^ 40 cub. ft. 

I load of s(iuarcd timber 50 ,, 

I ton of .shipping 42 ,, 

I stack 108 

I cord ^-128 ,, 

I Christiania standard —103.1 ,, 

{120 boards ii ft. by ij in. by 9 in.) 

I Petrograd (Petersburg) 

standard -165 cub. ft. 

(120 deals 6 ft. by 3 in. by 11 in.) 

^ London standard ~ 270 cub. ft. 

(120 deals 12 ft. by 3 in. by 9 in.) 

= 270 cub. ft. 

(120 deals 12 ft. by 3 in. by 9 in.) 


I Pulilin standard 
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I Quebec standard 
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^ 22gl cub. ft. 

(loo deals lo ft. by ] in. by ii in.) 
I Square ^-loo sq. ft. super. 

Note. — Boards sold by the square can 1)0 of any thickness, 
viz. : 200 boards 0 ft. long by 12 in. in width measure 12 squares 
whatever their thickness. For example, if \ in. thick, it would 
be 12 squares of \ in. stuff. If | in. thick, it would be 12 squares 
of I in. stuff, etc., etc. 


PROPER TIME TO FELL TREES, ETC. 

Any tree showing any incipient signs of disease should, of 
course, be immediately felh'd. Winter and summer arc the best 
times for felling, as the tna's are tlimi h'ss full of sap. Trees of 
a resinous nature are best felled during the summer months, 
whilst for other tn'es the winter is th<' most suitable time. 
Oaks and other trees from wliich the bark is stripped should 
be felled in the spring, at which tiiiK' the bark is more readily 
removable, 'fhe boles of the tre('s should always be severed 
as near the ground as practicable, d he wood surrounding the; 
heart of the tree is the weakest, and the older tlie tree the 
more marked is this feature, do judge the condition, strength 
or value of timber n^quircs experience. Wdien, however, the 
condition is very poor, it can be readily distinguished by its 
ha\'ing a loose and woolly fibre. Ill-conditioned timber 
also when sawn is inclined to clog the teeth of the saw, and 
has a white and floury appearance when cut. 

TO ASCERTAIN WEIGHT OF TLMBEKWORK, 
FLOORING. ICrC. 

Multiply breadth by length in fi'et by thickness in inches, 
and by one of following factors; Elm lb., yellow pine 
3’42 lb., white pine 2*97 lb., dry oak 4-(S5 lb., for timber work 
and flooring. 

Multiply length in feet by breadth and depth in inches and^ 
product by one of following factors : Elm 2'g2 lb., yellew pine 
2*85 lb., white j)inc 2’47 Ib., dry oak 4*04 Ib., for timber beams, 
posts, and joists. 
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Rue ping process ...... 

,, ,, cost of treatment by 

Riiping, see. Rueping. 

Rutger and Card zinc-creosote procc.s.s , 

,, ,, ,, ,, cost of treatment 
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148, 150-174 
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. 260 
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290, 291 
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225-223 
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290, 291 
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Sage and Rleury-Pironnett steaming vacuum pressure process 241, 242 

St. Preuve preservative process .... 

. 243 

Saponified creosote process ..... 

209-2 I I 

Saving of fuel by heating feed water with e.xhaust .steam 

129, 130 

Schrenk. Dr. H. von, on life of treated woods 

• 256 
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.83,84 
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. 56 

Seasoning by artificial means. .... 

.61-89 

,, ,, charring ...... 

.83,84 
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.81,85 
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.77-82 
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.82,83 
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.60-77 
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.83,84 

,, ,, smoke 

. 83 

,, ,, steaming 

.58-61 
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. 291 

„ ,, water ...... 

•57,58 

,, loss of weight due to . 

. 50 

,, maximum heat for. 

62 

,, natural or air 

.50-56 

,, or drying wood ..... 

.49-89 

Ship worms, see Marine worms. 

Shrinkage of dimensions due to seasoning 

• 55 

Sideroleum preservative .solution .... 

• ‘ 36,237 

Silos, wooden, cost of treating .... 

. 288 

Sleepers, see l ies. 

Slit hypothesis ....... 

.92-96 

SliTs, distribution of, in air-dry wood 

. 93 

„ „ „ annual ring 

• 93,94 

„ „ • layers of cell walls 

Smoke, seasoning by 

.94-96 

. 83 

Soda tungstate, solution of, as a preservative . 

. 242 
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Wm Rider & Son. Ltd., 8-11 P*teraotter Row, London, E.C. 



(Registered.) “MicKOL ’ 

FORMERLY CALLED ‘‘ MICROLINEUM.” ^ 

The Ideal Wood Preservarive and Stain. 

Cheaper and More Effective than Paint. 



PtRCOl.A BRIfKjE, Treated nilh “ Microl” 

An absolute preventative of Dry Rut and Fungoid Growths In wood -the 
best safeguard against decay and disintegration from any cause. Renders wood- 
work and limber immune from the attack of vermin. It protects against the 
insidious and destructive ravages of the White Ant and Teredo, and combines the 
qualities of an artistic stai n with a true Protective and Antiseptic Preservative Liquid 
For ex|xiscd and hidden timbers it is invaluable, and is used and specified with 
complete and full satisfaction by many Architects for internal and external work. 



n 

Prices and 
Colour 
Chart 
sent on 
application, 
n 


rrNCF. neated ti lth 


■ • I 'f economical in use, having great covering power, and not 

^ to apply. On plain seasoned wood one gallon covers from 
>' “ MrrTJni brushing or dipping, 

v j l^KUL dries in, leaving a dull finish. For brighter effect it can be 
axe over, polished, oiled, or varnished. Made in four shades of Brown two of 
Ween, one Red. 


Sole Ma.nufacturers : 

Raines, Porter ^ Seddon, 

C , , COLOUR, VARNISH. & ENAMEL MAKERS. 

t.stablished lo 28 . H XJ 


Ltd., 
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CREOSOTE 

for 

Wood Preservation 


I 




A high-class qualify 
of oil, possessing 
penetrating power, 
preservative and 
water-proofing value. 


BROTHERTON 


Worki- 

Birmlnpiam, 

Glasfow, 

LeeOi. 

Liverpool, 


& CO., LTD. 


CIt, ChtmNn, 

Leeds. 


Worki— 
MIdtfleibro’, 
Sunderland, 
Wakefield, 
Workington. < 
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ScientificTimber Drying 

A thorough understanding of the fibrous and cellular 
construction of Tihiber and its laws of growth is essential 
to a clear understanding of the scientific principles of timber 
drying. 

Timber users, as a general rule, have not the time to 
devote to such a close study as the subject demands, and 
consequently depend upon those who specialize in it. 

Now every timber man knows that there is a much 
greater consumption of timber in the United States than 
anywhere else, also that timber drying there is much more 
universal and in a more advanced stage. 

This arises solely from the fact that there is a much 
greater experience to draw upon, the operations being more 
varied and extensive. 

And (hal is why YOU can benefit. You can reap all 
the latest advantages by using the 

Grand Rapids 
Scientific Timber Drier. 

(Patented). 

There are 1 ,500 in use and they are being erected at the 
rate of 350 yearly. That is a big statement, and it should 
be a convincing statement that the system is the right one 
for you. 


Sole Agents— 

The Oliver Machinery Co., Ltd. 

201 and 203 Deansgate, 

MANCHESTER. 
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CARBOSOTA 

For Preserving Wood. 

A Pure Liquid Creosote Oil. 


Refined and Prepared to make it specially suited for 


Brush 
Spraying 
Dipping 
Open Tank 


Methods 

of 

Treatment 


Manufactured by 


THE BARRETT COMPANY, 

NEW YORK, U.S.A. 

The World’s Largest Producers of 
Creosote Oil. 
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Coal Tar & Ammonia 
Products. 

BENZOL, TOLUOL. SOLVENT NAPHTHA. 

CREOSOTE OILS, 

• GREASE OILS. CARBOLIC ACID, DARK 
CRESYLICACID. GRANULATED (Crude) & 
SUBLIMED NAPHTHALENE. ANTHRA- 
CENE, REFINED TAR AND PITCH. 

Sulphate of Ammonia containing a Guaran- 
teed Minimum of 25 ‘\) Ammonia. 

For Prices apply to the 

South Metropolitan Gas Co. 

709 Old Kent Road, 

- LONDON, S.E. 15 - 

Telegraphic Address: Inland : “Metrogas, Peck, London.’ 

Foreign : “ Metrogas, London.” 
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PETERLINEUM 

(REGISTERED.) 

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 

B The Great Wood Preserver B 

n n 

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 

Builders, House Owners, Estate Agents, and all owners 
of Wooden constructions which are exposed to the weather, know 
that the preparation made and sold by us for over 30 years under 
the name of 


CARBOLINEUM 


is infinitely superior to all other materials for preserving timber. 

We are not satisfied merely to have the best material on the 
market ; we are always trying to improve’ it. Our research work 
is continuous, and we have so far increased the penetrating power 
of our Wood Preserver that we have decided to re-name it 

PETERLINEUM 

so that buyers will be sure to get the very best article. 

Suaranlted to lie enllrely of Brillsli Manufacture. 


It prevents all kinds of decay in woodwork. It is easily applied. 

It is cheap in application. 

It gives a beautiful brown appearance to the wood, which makes it especially 
suitable for half-timbered work in houses, estate work, fences, etc. 


Send for interesting booklet to 

C. A. PETERS, ETR., 
Derwent Buildings, DERBY,' 

116 Newgate St, LONDON, E.C. 1 ; 4 Castle St Arcade, LIVERPOOL, 

OR THEIR AUTHORISED AGENTS. 
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The World*s Standard. 

r “TWENTY MULE TEAM” ...~o 


Borax and 
Boric Acid 


Prices and full particulars of these 
and other Boron Products from 

Borax Consolidated, Limited, 

16 Eastcheap, London, E.C.3. 

Tekgrami : " Colmanite, Bilgale, London.” Telephone : Avenue 5763. 
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SAVE MONEY 

BY INSTALLING ONE OF 

Black’s Creosoting Plants 

WHICH ARE SPECIALLY ADAPTED for ESTATES & TIIV^ER TRADES. 

THE PRESSURE SYSTEM. 





krJm 


THE BOILING METHOD. 

Most of the Creosoting Plants working on Estates in 
Groat Britain have been supitlicd l)y us, and references 
can be given. 

These Plants are ^ 

also suitable for 

other antiseptic . 'T 1 

liquids. L 


Placed In Position fop use. I IMlil^R. ^ 

GEORGE BLACK & SONS (qeorqe black). 

Creosoting Engineers and Creosote Oil Merchants, 

Twoedmouth Boiler Works, BERWICK-ON-TWEEO. 


Placed in Position fop use. 


Storage Tank. 
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“Sideroleum” Stands 

the severest possible test. 

T HK ('oolin;^ lower is subject to the 
depredations of smoke, wet, frost, 
snow and sun -- foiistitulin;; the severest 
possible test to a wo(m 1 preset valive, 

“ Sideroleum " has been, and is beino, used 
with eninjilete siieeess on the ('oolin;,' ‘J'owers 
of some of the l.iipest b'.u toiies and Muni- 
<ipal Works tluou^hout the Country. 

“Sideroleum” 

Wood Preservative 


into llie pon s df wooil, 
jircvciiiin”' <li v lot and n-iideriiu; 
sappy woinl li.iid ami rot-piodl, 
" .‘Sidi'KiliMiin ” is Mritish made- 
is <*( onoiiiir,il a j^allon » ovriitiy' 
ovi'r TOO sij. It. V('iinin and 
insis ts will not tom h “ sjijcrol- 
cimi ” Ircnti'd woodwork. 

/iV.it iV/ • Vi ’ t; tin yolt full /inv,- 
iii.'itrs art,/ fost fi,e. 

D. ANDERSON & SON. Ltd. 

Kelt Wurkii • • BKI.KWI', 

k Uunrh Kil., \\V*, Old Ford, I.OMION, 





‘‘SIDEROLEUM” gives 
a ^autiful Nut-Brown appearance. 
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CREOSOTED WOOD|[is most suitable for all 
kinds of Farm Buildings^ Fencing and Gates. 
They never require either paint or tar, and when 
once erected there is no further cost. Our process 
of Creosoting the Wood under steam pressure 
effectively preserves it from decay. 

THE ANTISEPTIC QUALITIES of the 
Creosote Oil. which have been forced into the 
pores of the wood, make it a valuable and perma- 
ment disinfectant, which guard against vermin and 
disease. 


We Specialise in 

Creosoted Wood, Fencing, 
Gates, Farm Buildings, kc. 



English Brothers Ltd 

CREOSOTING DEPARTMENT, 

WISBECH. 


And at Peterborough, Leicester 6 Bedford. 

T'cleplionc: No. 4 Wisbrch. Telegrams: " Knglish, Wisbech.*’ 
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DURABLE.ECONOMICAL. 

CREOSOTEDWOOD FENCING. 
PALING,GATES. BUILDINGS. 
FOR FARMS andESTATES. 



AS SUPPLIED DURING THE LAST 
■ FIFTY YEARS BY- 

ARMSTRONG ADDISONtC? 
BRIDGE ROAD. SUNDERLAND. 

illustrated • CATALOGUE 'AND 
PRICES ON "APPLICATION, . 
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SHIELDS & RAMSAY 

LIMITED. 

104 West George St., 
GLASGOW. 

EXPORTERS of 

SULPHATE OF AMMONIA. 

TAR FOR ROAD MAKING. 

PITCH FOR BRIQUETTE MAKING. 
PITCH FOR ROOFING. &c. 
ANTHRACENE OIL. 

CARBOLINEUM. 

NAPHTHALENE. 

BENZOLE. BENZINE 
CARBOLIC and CRESYLIC ACID. 

HIGH BOILING POINT ACIDS and all 
other COAL TAR PRODUCTS. 

FUEL OIL in Bulk as supplied to the BRITISH 
NAVY. 

STOCKS held at various Ports in the 
United Kingdom. 

Managers for British Creosote Co., Ltd. 

CREOSOTE OIL 

for Preserving Timber supplied in bulk from Stocks held 
at Crangemouth, Middlesbro’, Hull and Manchester. 

CARGOES of any size up to 8,000 tons can be loaded 
at short notice. 
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THE 

OXYLENE 

(REGD.) 

FIREPROOFING PROCESS. 


APPLICABLE TO ALL WOODS 
INCLUDING PLYWOOD. 


Used by H.M. Admiralty in warship 
construction, recommended by the 
Board of Trade for the constructionn 
of passenger coaches, and largely 
used for this purpose by the Mid- 
land, London & North-Western, Gt. 
Eastern, Caledonian, Metropolitan 
District, London Electric, etc.. Rail- 
ways, 

The London & North-Western Rail- 
way has installed at their Wolverton 
Works a large plant to work the 
“ OXYLENE ” process under licence. 

SOLE PROPRIETORS : 

THE TIMBER FIREPROOFING COMPINT, LID. 

TOWNMEAD ROAD, 

FULHAM, LONDON, S.W. 6 

3 

Telegraphic Address : “ Antipyriiie, Walgreen, London.” 

Telephone No.; 915 Putney. 
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G««™">e„t Supervising 

engineers and Contractors have used many thousands of gallons of 

BRUNOLINUM 

WOOD PRESERVATIVE 





against 
White Ants 




H.M. INDIA OFFICE REPORT ON “BRUNOLINUM.' 

List of Timber treated with “ Brunolinum ” and laid down 
in the ground for experiment with untreated pieces. 


Si ri.il 
No, 


Laid ilnuii [ulv >), i.)ts. 
SiUXiLS. 

Pinus Long ifo lid 

Do. 

Picea Morinda 

Do, 

Abies Pindrow 

Do. 

Cedrela lerrata 

Bauhinia retusa 

Do. 

Dipterocarpus tuberculatus 

Do. 

Anogeissus latifolia 

Do. 

Lagerstroemia lanceolata 

Do. 


Not! s n curded at List ii 
■April JO, I.) If,. 

Soinul 

Pill' <1 liv while ants 

' Sound 

I’illi d hy wliitr .lilts 
Sound 

Pilti d hy white anis . . 

Soiiiid 

j D struved, njicltd 

Sound 

PiIImI, wliite ants worhiiie on 
I .S' 'Uiid 

j W'liite .lilts Working' cm it ’ 

I Sound 

I 15. id fnnppis ,ind wliite ants on it 
j .Slif;lillis piiit d . . 


Treated 

Untreated 

Treated 

Untreated 

Treated 

Untreated 

Treated 

Untreated 

Treated 

Untreated 

Treated 

Untreated 

Treated 

Untreated 

Treated 

Untreated 


(Signed) R. S. PEARSON, Forest Economist. 


agents in : India, Burma, Malay States all East 
Indies, Slam, China, Japan, United States. Central and Sn,.th 
Republic^. Also all Britl.sh Colonies and Possessions. American 

Agents’ names on application. Cables: “AD DOOM, London.” 


MANUFACTURED ONLY BY 

STANDARDISFiD disinfectants co.. ltd., 

■ Billlter Buildings, London, E C. 


Works : 
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’Phone : 

3 RUABON. 


Code used : 
A.B.C. 5th j^itlon. 


Telcjirams and Cables : 
GRAESSER, Ruabon.” 


R. GRAESSER/S!' RUABON 

LIMITED. 


CONTACTORS TO THE BRITISH AND OTHER COVraNMENTS. 


ESTD. 1867. 



ESTD. 1867. 


CONTRACTORS TO THE BRITISH AND OTHER GOVERNMENTS. 

R. GRAESSER, rir RUABON 


LIMITED. 


’Phone ; 

3 RUABON. 


Code used : 
A.B.C. 5th Edition, 


Telegrams and Cables : 
“GRAESSER, Ruabon.’’ 
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CONTRACTORS TO THR BRITISH AND ALLIED GOVERN- 
MENTS AND TO THE LEADING MUNICIPALITIES. 

Quotation F.O.R. or C.I.F. any Destination. 

Private Tank Wagons, Casks or Drums. 


CREOSOTE 

ALL KINDS 
IN ANY QUANTITY 


WESTWOOD 
MACNEILL 
& CO. 
GLASGOW 


Telegrams ; 
“VIGOROUS, 

GLASGOW.” 

. ^ 

Telephones ; 
3363 & 3364 
Central. 


Specialists in — 

TARS PITCH 
BITUMEN 


&C., &0. 


Offices : 

145 Queen Street, 

GLASGOW. 

Postal Address ; 
G.P.O. Box 158 
GLASGOW. 
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CHLORIDE oi ZINC 


THE LARGEST MAKERS 
IN THE WORLD. 


Specially Prepared either in solid 
or liquid form for the 
PRESERVATION OF TIMBER. 

Enquiries Soliciled. 

William Blythe & Co., 

LTD., 

CHURCH, 

Lancashire. 

Telegrami ; “ Blythe,” Church. 


362 





William Blythe & Co., Ltd., 

MAKERS OF 

CHLORIDE. I ZINC 



HOLLAND BANK CHEMICAL WORKS 
CHURCH, Lancashire. 

Telegrams : ” Blythe,” Church. 
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TIMBER DRYING 

By 

The STEAM-KING PROCESS 

Adaptable to Small or Large Kilns 

The S.-K. Process is NOT artificial Drying but 
NATURE’S process done artificially. 


WOOD PRESERVATION. 


STOP SHAKES BY USING 

“ LORACINE,” 

The Only Means of Preventing Wood from 
Splitting. 

Illustration showing the Effects of " Loracine " against Wood Splitting. 
The Trunk : Completely Coated. Half Coated. Uncoated. 



R. LEHMANN & CO., Ltd., 


28 MONUMENT STREET, LONDON, E.O. 3 
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Thos. Gabriel & Sons 
& Burtons 


Timber and Steeper Merchants and 
Importers. 

Paving ‘Block Manufacturers, 
and Creosoters. 


Head Office : 

Commercial Road, Lambeth, S.£. 1. 

Works: 

Barnards Wharf, Rotherhithe, S.E. 16. 

• and 

Commercial Road, Exeter, Devon. 






CHEMICALS. 




AMMONIA PHOSPHATE X F 
SODIUM PYROPHOS- ^ 

PHATE, and all other X ^py 
Chemicals for Xy X 

Preservation and X X CREOSOTE, 




Fireproofing 

of 

Timber. J 


AV 

ay 


O 


CRESYLIC 

CREOSOTE, 






CRESYLIC ACID 
(Liquid Carbolic Acid), 

ANTHRACENE OIL 


TAR PRODUCTS. 


Norfolk Crcosoting Co. 

NORFOLK, VIRGINIA. 


CREOSOTED PILES, 

BRIDGE TIMBERS, 

TELEPHONE & TELEGRAPH POLES, 
TIES, 

CONDUITS AND CROSS-ARMS. 
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Wood Preserving Retorts 
Cars and Tanks. 



WOOD PRESERVING WOf>KS. 


We design and Build 
Complete Equipment for 

Wood Preserving Works 



IVri/c for Bulletin 1439-B. 


ALLIUHALMEBS MFC. CO., 

London Office - - 732 SALISBURY HOUSE, E.C. 
General Office - - . MILWAUKEE, WIS., U.S.A. 
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WOOD is thought of as fast 
decaying— inflammable. If 
rendered decay-proof, it is thought 
of as sticky, discoloured, smelly, 
heavy, disagreeable to touch and 
look at, impossible to paint, and 
about as fireproof as powder. 

Berlin Mills KYANIZED 
SPRUCE is NONE of these 
things. Kyanization has no effect 
on colour, smell, the timber takes 
paint perfectly, does not bleed in 
the hottest weather, and is far less inflammable than un- 
treated timber. It is light weight and easily workable, yet 
ot great strength, 

The “ BERLIN MILLS " mark on every itich- look for it - 
that II proof of thorough kyanization. 

other more costl^f ^ma^cnal^^"use ordinarily you would use 

trestling, bridges ties survevors ^ POSts, basement floors, 

BERLIN MILLS COMPANY, 

PORTLAND, MAINE, U.S.A. 


New York Office 
Woolworth Bldg. 


EST. 1852. 


Chicai'o Office ; 
no So. Dearborn St. 
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CREOSOTED DOUGLAS FIR. I 


are prepared to furnish Douglas Fir, creosoted, i i 
in the following forms or to your any other 
requirements : — I 

PILING LUMBER ' ; 

TIES PIPE STAVES i | 

BRIDGE TIMBERS (for pipe from 24" to j | 

PAVING BLOCKS 1 5ft. inside diameter) ! 

SILO AND TANK STAVES | 

CONDUIT AND WOOD PIPE 

(Pipe from 2" to 24" inside diameter). | 

Creosoted Stave Pipe Outlasts Steel. I 
Creosoting does not Impair Strength of 
Douglas Fir. ! 

|i 

DoroLAS i'lK is rapidly becoming recognized as the j 

])rincipal structural timber in the United States. jj 

To its great strength eoinbineil with comparative i ! 

liglitness is to-day added the merit of great longevity I i ! 

through ('RKOSOTING, making it an unequalled [ii 

structural material. A scientilic study lias been 1 j 

made by our Association, a.-d we to-ilay are able ! : | 

to ( reosote Douglas b'ir without appreciable change : i 

in its strength. Thorough tt'stsin this n'spi'ct have 
been made. ,\lso we completely control the dis- 
tribution of the oil. ensuring positive protection to j 

every portion of the timber. We also apply the i 

C'reo.sote in such a manner as to practically eliminate ' ! 

the exuding of oil in hot weather. 

i ; 

For Information on Creosoted Material, write to i 
the I 

Association of Creosoting Companies | ! 

of the Pacific Coast, 

425 Henry Buildinfi:, SEATTLE, WASHINGTON, j 
U.S.A. 

•K. G. Griggs, O. P. M. Goss. 

President. Secretary -Treasurer. | 
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Creosote Oil 


Large 

Refineries 

in the — 

States. 



Adequate 

Shipping 

facilities. 



Pacific Creosoting Co., 

Seattle, Wash., U.S.A. 


• Cable Address : — “ Creosote.” 

Codes Western Union ; A.B.C, 5lh ; A-I ; and Scott’s lOth. 


We operate largest Creosoting Plant in the 
Oregon Pine (Douglas Fir) District of 
North America. 

Ask Us concerning Creosoted Oregon 
Pine (Douglas Fir). . . . . 


SLEEPERS 

LUMBER 

PAVING BLOCKS 
WOOD DUCT 
TIMBERS 


PILING 

TELEGRAPH CROSS 
ARMS 

WOOD STAVE PIPE 


Car^o Business a Speciality. 

Can accommodate Vessel of any draught. 
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CALDER DIXON 
& GO., LTD. 






Bvit, Booltoi « Hitwood, lm. 

MANUFACTURERS OF 

Coal Tar and Ammonia Products 
and Disinfectants. 

H«ad Office; 64. CANNON STREET. LONDON, E.C.4. 
Teleg/ams : “ Burboul, Cannon, London.” Telephone : 5882 Bank. 

Tar Distilling Works : 

Prince Regent’s Wharf, Silvertown, London, E. 
Eling, near Southampton (Hants) ; 

Selzaete, near Ghent (Belgium) ; 

Tjhtresne, near Bordeaux (France) ; 

Elorrieta, near Bilbao (Spain). 


CREOSOTE OILS Grades), 

For the Preservation of Timber. 

Special Fluid Creosote Oils 

For Painting, Dipping and Staining Wood. 


Pure Benzol and Toluol. Solvent and Heavy Naphthas, 
Pyridine, Carbolic and Cresylic Acids, Salicylic Acid, 
Naphthalene, Creosote, Green Oil , Anthracene, and 
Pitch, etc. 

Dehydrated Tar (Road Board Specifications) Refined 
Tar, Sulphate of Ammonia, Liqi^d Ammonia, etc. 


«<8iivertown” Special WOOt) PRESERVATIVE 

(Medium and Dark Oak Shade). 

SPECIAL BLACK COMPOSITIONS 

Especially suitable for Coating Wood-work, Stone-work and 
Metal-work. 



